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AMERICAN SMELTING AND REFINING COMPANY ' 
GLOVER PLANT 

P. 0. BOX 7. GLOVER. MISSOURI 63040 

R. 8. PAUL 
YAMAODI 

. .  . 
. .  M r .  Jerome H .  Svore,  Regional Adminis t ra tor  

U. S .  Environmental P r o t e c t i o n  Agency . . 
* 

' 1735 Baltimore - Room 249 
, '  . .  , Kansas C i t y ,  Missour i  64108 , j 
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, . .  ' .  Dear M r .  Svore: . .  
. .  

The following informat ion  i s  g i v e n .  a s  r eques t ed  i n  your  
' .  

. '. l e t t e r  of March 15, 1973 i n  which.yo.u ask for informat ion  w i t h  ' '  . .  
. .  

. .  
I .. r e s p e c t  t o  the ASARCO s i n t e r i n g  machine a t  Glover,  M i s s o u r i .  . .  
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.' .'j. . [Glover ' s i n t e r  machine and s i n t e r  ' '.: 

, . .. . . .  . .  , p l a n t  v e n t i l a t i n g  system 
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. '. .. Process Weight *New! Material: j 
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Maximum -. 60 t o n s h o u r  
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.These  process weights  a r e  ob ta ined  by p h y s i c a l  inventory  of t h e  
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Controlled Emissions: 
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Particulate Emissions - . .  
I '  

. .  . . .  [Norma; , -  6.8#/hour of operation . ' , 

, . . - .  ., . $  

. ?  
.? ' . .,. . a .  

: . .0042 grains/SCFl . .  . * .  
. ;. .... , 
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Maximum - 16.6#/hour 'of operation f : ,  : ' ' .  
1 ! .OlO grains/SCF I ~. 
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. . Exhaust Gas Volume -[190iOOO Standard Cubic Feet . .  
, :.. . .  

. I '  ' I 1 . ;:.: > ' i  0 

,. .[Normal -. 8 ,  GhO#/hour of operation]'- ' , ' ,  : ?  .. """ ._ ..: 
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..' , I ., . .<;: .. 

. . .  . Normal: - 4,466 PPMV/hour'of operatio 
1 . .  

. .  . .  . . ,.. , .. 
, '  Maximum - 5,583. PPMV/hour of operation . .I 
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.:..(including.efficiency) r : . /  . . Lhe gas.stream is .filtered through:",. '. . 
. .  , ,.. . >  t . '  . an ;ASARC0 designed baghouse and , ';* 
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the losses for the first 2 months'.. 
of,this'year shows a recovery . , 

efficiency .of 99.85% ,I.,,: : . :':,:. I . '  
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, I '  ! ,  DESCRIPTION .OF.'HOW EMISSIOd DATA WAS OBTAINED 

I , . .  
The volume is obtained by cross sectioning of the breeching':': 

, .  between the baghouse and stack. .The particslate emission is ' ,  . .  
. . .  obtained by use of the automatic smoke sampler designed by 

. .  .' Mr. J. J. Donoso which isldescribed in the  attachment. LS02 
emission is calculated from new material processed and final .. 

.. 
4 2  

. .  i ,  11 . f  
' sinter produced. . .  
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L .. The o p e r a t i o n  of t h e  s i n t e r ,  p l a n t  i s  c o n t r o l l e d  by . .  

means of a n  i n t e r m i t t e n t  c o n t r o l '  system i n  o r d e r  t o  comply 1 ,. 

, .  w i t h  ambient a i r  s t a n d a r d s .  , . .  
, .  ... , . 

The s i n t e r  p l a n t  o p e r a t i o n  v a r i e s  due t o  changes i n  
' .  ' machine speed and raw m a t e r i a l  i n t a k e ,  s i n c e  t h i s  is a c u s t o m  ' ' 

: t h e  emiss ions .  , 
s m e l t e r d i n t a k e  is variab1.e and t h i s  resu'lts i n  v a r i a t i o n  of 

I .  
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.. _ .  
An. Improved Automat ic  S m o k e  Sampler  

, .  
.. .. , .  . 

. *  c . .  . .  . .  . , . 
. I  by J. J. Donoso 

I ! .  .. , 

1 .  
i' 

N the opcrntion of n smelter, continuous and 1 accuratc dctcrnmination of smolcc losscs is csscn- 
tial for yurposcs of mclnls invcntorics and as a 
chcck on the cficieiicy ol smolcc rccovcry appara~us. 

I'rcvious to the development of a continuous and  
outomatic smoke sampler by R. MacMichacl, i n  
1024 two mcthods ivcrc in voguc, and still are in 

a flue or stack. These arc: ,(1) the  so-called dust  
concentration method whcrcby tiie gas volume pass- 
ing through the flue is first mcasurcd and thcn t h c  
total amount of solids carricd in the smoke s t ream 
caiculatcd from the  weight of suspcndcd matter  
filtercd out of a measured volume of gas; (2 )  the 

flowing through the  h e ,  and relies for its accuracy 
on  the fact tha t  n true smoke sample may  be taken . if the vclocity of the gas in  thc sampling tube is 

avcragc fiuc gas velocity. Thc  total amount of solids 
passing through Lhc fiuc is thcn proportional to t h e  
weight of filtered solids and to the  ratio of thc  area . 
Of thc fluc to . the m a  Of the  sampling tubc, cor- . 

Thc limitations of thc  first mcthod lie in  the  un- ' 

certainty of the  varying volume of gas arising from 
metallurgical operations and. the  unreliability of 
ordinary gas meters to ,hold their accuracy 

. 

' some smelters, for measuring solids passing out of ' 

I 

. .  . 
: . 

, balanccd tube method is independent of gas volume ' .. 

. . constantly maintained a t  a known ratio of the  ~ Fig. I-Automatic smokc sampler- 
' Piezometer rings. 

" 

J. J. DONOSO is Mctallur@t, Aincricun Smelting 
and Rcfiiring Co., Salt Lakc Ci:u, Utnh.  

AliME A'aw York Ncctinu, Fcb. 1950. 
TP 2823 D. Discussion (2 copies) may bc sent to 

Transactions A I M E  before 1. 1950. and will be 
publishcd Xov. ISSO. Munuscript received Oct. 17,1049. 

. 'rectcd lor thc velocity ratio. . 

* 

, .  . .  
. .  

. .  . .  
. .  

. .  
. .  I 

'. Fig. !&-Automatic multi- 
, 'ple smokc samplcr. Gen; ' 

oral arr%-cmcnt. 
. .  . .  

. . /.> 
. .  

. I  ' . .  
. .  . 

I. . .  . .  
* .  * .  . 

-1- OC MTALS, MARCH 1P50, ?%AN;ACTIONS AIM& VOb' 184 
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. " Fig. 4 (above)-Filter holder for automatio smoke 
snmiilcr. 

.. such scvcre scrvicc. The  impracticability of manu- , ' whose dust burden is to be measured. Tor clarity ' aiiy kccping the sampling and flue vclocitics equal  t h y  a rc  shown side by side on a horizontal plane, 
. . .  . . for long pcriods of timc rcndcrs thc balanccd-tubc ' but in practice they are locatcd on  a vertical plane . " .  mcthod of smoke sampling a n  indicative or spot ' a t  right anglcs to the flow of gas i n  thc  I:UC and  
. ' chcck dcvicc. npproximatcly 12 in. apar t  on  a horizontal line. 
. . ' . MacMichacl's samplcr, in rcality a n  automatically Ring No. 5 is open at both cnds and mcasurcs only 
.' . . controllcd balance tubc, rcmovcd thc human clc- thc static pressurc in the  fluc since there  is no  ' 
.:.' ' mcnt and madc possible the accurate and continu- , impcdancc to the flow of gas through it. This r ing  
'. a . ,  ous dctcrmination of smokc losscs. Esscntially, t h e  ' ' is conncctcd to onc side of the  diaphragm of a dif- 
: , .principle of operation of the MacMichacl samplcr  . fcrcntial prcssure controller. A static pressure of 

, .  
' is as dcscribcd for the improved samplcr, bu t  t h e  the  same magnitude acts upon rin: Xo. 6 bccause 

, ' , cumbcrsomc and complicated clcctrical velocity- of its proximity to  ring No. 5 ,  but  sincc ring No. 6 
. ., regulating dcvicc cmploycd in  his units gavc rise is conncctcd io a Iiitcr system, rcsistance is oflcrcd 
. .  tof tcqucnt  interruptions and claboratc maintcnancc. to the  flow of gas, so tha t  unless gas is rcmovcd 

' , Thcse objcctions have bccn overcomc in  t h c  im- through it by  the  suction system a t  exactly tho . proved samplers now in usc in  a number of plants, same vclocity as gas flow in ;he fluc, a dynamic 

; , of others liccnscd by it. Tho utilization of modern magnitude of the  static pressure in r ing No. G f rom 
:.. fluid or pncumatic dificrential pressure 'controlling tha t  in  ring Xo. 5. The impulse line of r ing Xo. 6 is 
. '., instruments not only makes t h c  operation of the  connected to the  opposite side of dificrential pres- 
, . . present samplcr more trouble-free, bu t  also allows ' sure  controller diaphragm. As the  static pressure' 
. .  for simu1taneou.s sampling of multiple points or in  ring Xo. 5 varies due  to changes in ,9uc gas 

* . . ,  flues, using only one filter and one exhaust system.' velocity, t he  controller seeks to equalize the  static 
, .  ' pressure i n  r ing No. 6 by allowing more or less gas  . .  

to flow through the  sampling pipe as conditions m a y  
require. Thus, gas now 'through the  samj l ing  pipe 
is constantly maintaincd a t  the  same ra te  as in the 

. .  
. .  

* . 

. 
' 

, 

. .  

. .  . 
, . both of Aincrican Smelting and Rcfining Co. and pressure will be  imposcd which will distort t he  . 
. .  

. I. 

U. 8. Pol. No, 1494855. 
. .. 

Theory and Opcration 

If a portion of thc  smokb strcam is continuously 
withdrawn a t  a velocity constantly corresponding 
to the velocity of thc gas in the  flue, and the  solids 
scparatcd from thc  withdrawn portion of t he  smoke 
stream in a filtcring mcdium, the total wcight of 
solids bcing carricd in the stream can thcn be Ec- 
tcrmincd from the wcight of solids fiitcrcd out of 
thc smokc samplc in a known timc, and thc  ratio 
of thc arca of thc  fluc to thc arca of thc  opening 
through which thc sample was taken. In  thc 
formula for smokc losscs by this mcthod, it is ncc- 
cssavy to incorporatc a factor which rclntcs t h c  
avcragc vclocily of gas a t  the sampling point to 
the  avcragc vclocity of gas in  thc  fluc as ? whole. 
In  practicc, such n factor is determined by  simul- 
bncous  Pitot tub0 expiorations of flue and sampiing 
+int vclocitics. 

Fig. i chows two piozomotc: rings insido tho flu0 

~ __  -. . ... - ~ ~~ ~ 

fluc and a truly representativc smoke sample is 
obtained. 

The actual arrangement of the  various units con- 
stituting the  smolcc samplcr will  be better under- 
stood by  referring to thc pictorial representation on. 
fig. 1.. Xo. 5 - 5  and 6-6 a re  t h c  piezomctcr rings 
dcscribcd above and shown in detail on fig. 2. Im- 
pulse iincs 3-3 and 4-4 lead from thc  piezomctcr 
rings and a r c  conncctcd'to opposite sidcs of dia-  
phragms in  aificrcntial pressure controllcrs 8-8. 
Connectcd in  parallcl with Ihc  controllcrs arc dif-  
icrcnlini ;xcssurc rccordcrs 1-1 which furnish a ' 

running rccord to chcck on thc  snmplcr's pcrform- . , 

ancc. As thc  magnitudc of the  static hcad mcasurcd 
by rings 5-5 changes duc  to  variations in  fluc gas 
velocity an  impulse is transmittcd i rom controllcrs 
8-8 to rcgulating valves 0-0, which actuatc  buttcr- 
fly dnmpcrs 2-2 in such a direction as'to restore 
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of standard 18 in:. diam woolen baghouse 
fabric is of suficicnt size and durability to 
filter most metallurgical fumes. The filter is 
placcd within a 20 x 36 in. steel d rum with 
a detachable cover on which the filter bag 
s tied to a thimble, provision being madc 

king of t h s  bag by means of 
the bag and  brought to the 
rum (fig, 4 ) .  The  stccl d rum 
nd insulatcd, and thc tcm- 
in the drum thcrmostatically 

controlled to .insure a dry sample and  longer filter . 
' .  " .. pipes, discharge into a filter holder, 10, t he  solids 

'1. being retained in  the fiiter.fabric, 11, and the clean . .  A few days trial will dctcrmine the  opcrating .:i gas passing through thc  suction system, 12, and .. . routine for a ncw sampler. The frequency wi th  
?:., ... , evacuating at a point downstream f rom the samp- which a bag will have to be will be 

shown by the differential pressure recorder, a de- ' . ':. . .. , ,  ling pipe. 
' As a direct check on the performance of the viation from zero diflerence indicating plugging u p  .,' . sampler installed a t  the Murray. Utah, plant 0: of the filter pores beyond the  capacity of the  ex- ,. i. American Smelting and Refining Co. aside from t h e  haust system. Duration of a continuous sample is . , : . visual zero dift'erence indicated by the recorder, :best determined by trial ,during tt,e first few days ..;: .. simultancous Pitot tube readings taken at t he  samp- . .. operation; sufficient amount of dust should be  ac- 

, , ling point in  the fiue and in the sampling pipe out- cumulated to avoid weighing errors against t i e  
weight of the Slter. ',,,:,'.: side the flue, over extended periods of time, gave 

. , ' results to indicate that  t he  accuracy of the  sam?ler IIaving ascertained the efr'cctive flue area by was close to 100 pet. Actually, average velocity of ,sounding to eliminate area occupied by accumu- gas through flue during testing period was 21.2 :PS, lated dust, and the Sampling Flue Factor by Pitot 
the :o?mula for dust  loss 6eter-  

mination by the  automatic balanced-tube method- 
bccomes: 

(Fig. 5, 6, ,.) 

. .  

I: , 

, . .  
i'.> 

. '  and through sampling pipe 21.4 fps. The static ' . tube  explor~ions,  
. .  . ' pressurc in  thc flue varied from 0.40 in. 'KO i o  0.75 . . in. H,O and thc velocity head averaged 0.1 in. &O. 

In the practical application of this samiAer, ex- 
.. , pericncc dictates the size Of yiezomctcr rings and 
.' sampling pipcs most adaptable to the particular 

passing flue to bc samplcd. For most practical Dur- 
poses, 2 in. rings and sampling lube will sumcc to 

, obtain mcasurablc amounts of dust filtered out of 
. baghouse or Coltrcll cxhaust gascs. (Fig. 3). 

The size and matcrial of thc filter will again vary 
according to 'conditions. biit generally a 30 in. -bag I ' .  at sampling pain+ 

. .  
AC X 24 X W X F, 

. .  . .  
' Dus:Loss ( lb  per  24 h r )  = - - As Time .. 

.. . conditions, allhough prcliminary survcys may be Where, 
, ' . madc to dctcrminc volumc and dust burdcn of gas . A c  = riflcctivc Sue area  (sq i t )  
. . -  : Time = Duration of sampling ( h r )  I 

As - Area of sampiing pipe (sq i t )  

1 W = Wcight of filtered sample (Ib) 
, X, P Flue factor, ratio of average overall flue 

g a s  velocity to average flue gas veiocity 

, 

. .  
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PREFACE 

The work repor ted  h e r e i n  was conducted by Midwest Research I n s t i t u t e  

(MRI), pursuant t o  a Task Order i ssued  by t h e  Environmental P r o t e c t i o n  Agency 

(EPA) under t h e  terms of  EPA Contract  No. 68-02-0228. M r .  E.  P. Shea served 
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11. ImRODUCTION 

This  emission tes t  is a p a r t  of  a comprehensive s tudy  t o  determine 

a c o n t r o l  s t r a t e g y  f o r  l ead  emissions from s t a t i o n a r y  sources .  

p r o j e c t  i s  r e f e r r e d  t o  as t h e  p r e f e r r e d  s tandards  pa th  a n a l y s i s  on lead.  

The purpose of  t h i s  p r e f e r r e d  s tandards  pa th  a n a l y s i s  i s  t o  recornend a 

s t a t u t o r y  and r egu la to ry  course of a c t i o n  f o r  t h e  c o n t r o l  of s t a t i o n a r y  

sources  of l ead  emissions. 

assessment of t h e  p o l l u t a n t  e f f e c t s  and emissions as r e l a t e d  t o  t h e  Clean 

A i r  Act o f  1970, a s  amended. 

d e s i r a b l e ,  t h e r e  a r e  t h r e e  a v a i l a b l e  op t ions  f o r  developing s tandards :  

Sec t ion  109-110 - Ambient A i r  Qual i ty  Standards,  Sec t ion  111 - New Source 

Performance Standards accompanied by s t a t e  s tandards  f o r  e x i s t i n g  sources ,  

The e n t i r e  

- 

The recommendations must be based on a thorough 

I f  it i s  decided t h a t  a r egu la to ry  program i s  

and Sec t ion  112 - Hazardous P o l l u t a n t  Standards.  

A w e l l  def ined  emission inventory,  which i s  no t  a t  t h i s  t i m e  

a v a i l a b l e ,  i s  v i t a l  t o  t h e  development of  a r e g u l a t o r y s t r a t e g y f o r  l ead .  Such 

an inventory w i l l  d e f i n e  t h e  ex ten t  of  t h e  problem by i d e n t i f y i n g  t h e  major 

l ead  emitters, quan t i fy ing  t h e  emissions from t h e s e  sources  and determining 

t h e  ex ten t  and e f f e c t i v e n e s s  of p r e s e n t l y  employed gene ra l  p a r t i c u l a t e  

con t ro l  technology f o r  lead .  

A pre l iminary  emission inventory of  l ead  sources  wa8 developed 

through an EPA c o n t r a c t  t o  determine, from t h e  l i t e r a t u r e  and p l a n t  d a t a ,  

t h e  na tu re ,  magnitude and e x t e n t  

mosphere i n  t h e  United S t a t e s  i n  

of i n d u s t r i a l  l ead  emissions t o  t h e  a t -  

1970. However, only a smal l  amount of  t h e  

1 
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d a t a  was supported by emission t e s t i n g .  A l i s t i n g  of i n d u s t r i e s  f o r  emission 

t e s t i n g  has been compiled by EPA, based on information suppl ied by t h e  

emissions inventory.  

grams w i l l  be used t o  d e t e r m i n e  t h e  na ture  and ex ten t  of lead emissions 

from s t a t i o n a r y  sources ,  i . e . ,  whether a problem e x i s t s  i n  t h e  indus t ry ,  

and i f  so t h e  na ture  and e x t e n t  of  t h e  problem. 

used t o  h e l p  determine t h e  d e g r e e ' t o  which p a r t i c u l a t e  s tandards  are e f -  

f e c t i v e  i n  c o n t r o l l i n g  lead emissions.  

i n  conjunct ionwi th  o t h e r  information on number and l o c a t i o n  of p l a n t s ,  

t rends  i n  lead usage, growth r a t e s ,  and a f f e c t e d  populat ions t o  determine 

which i n d u s t r i e s  are of h ighes t  p r i o r i t y  f o r  r e g u l a t i o n .  

The emission d a t a  gathered dur ing  the  t e s t i n g  pro- 

The d a t a  w i l l  a l s o  be 

F i n a l l y ,  emission d a t a  can be used  

Severa l  lead smel te rs  were surveyed f o r  the  purpose of conducting 

emission t e s t i n g .  

emission t e s t i n g ,  and a t  some o f  them, emission t e s t i n g  was not  considered 

t o  be economically f e a s i b l e .  

s idered  t o  be t h e  b e s t  of  t h e  l o t .  

None of t h e  smelters were completely s a t i s f a c t o r y  for 

The ASARCO Lead Smelter a t  Glover was con- 

This  r e p o r t  p resents  the  r e s u l t s  of the  emission t e s t i n g  and 

p a r t i c l e  s i z i n g  which was performed by Midwest Research I n s t i t u t e  a t  t h e  

American Smelting and Refining Company (ASARCO) s i n t e r  p l a n t  and b l a s t  

furnace i n  Glover, Missouri .  The p a r t i c u l a t e  emission tests were 2-hr 

tests us ing  t h e  RAC* Staksampler equipment conforming w i t h  t h e  Federal  

R e g i s t e r ,  36 ,  No. 159, 17 August 1971. The p a r t i c l e  s i z e  t e s t i n g  w a s  con- 

ducted us ing  an Andersen e i g h t  p l a t e  impactor;  t h e  tests were conducted 

* 

1 

Mention of a company name does not  imply endorsement' by EPA. 

2 
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f o r  1 h r ,  2 h r  and 1-1/23 h r .  The s i n t e r  baghouse was not  t e s t e d  using t h e  

EPA method 5 t r a i n ,  because t h e r e  were no p o r t s  i n  t h e  s t a c k  and not  enough 

room i n  t h e  breeching t o  conduct i s o k i n e t i c  t e s t i n g .  

i n  order  t o  have some emission d a t a  from t h i s  p l a n t ,  w e  u t i l i z e d  t h e  

For convenience and 

"Askania" sampler which was i n s t a l l e d  by ASARCO i n  t h e  breeching between 

t h e  baghouse and t h e  s tack .  

A t  t h e  ASARCO smel te r  domestic o r e  containing about 70% lead  i s  

s i n t e r e d  t o  prepare  a concent ra te  f o r  b l a s t  furnace feed.  The o r e  i s  mixed 

with coke, recyc led  c l ay ,  and baghouse d u s t ,  i g n i t e d  and t h e  s u l f u r  burned 

o f f .  The sinter cake i s  d i s i n t e g r a t e d ,  mixed wi th  coke, baghouse dus t ,  sc rap  

i ron ,  and dross ,  and fed t o  the  b l a s t  furnace.  The lead  b u l l i o n  from t h e  

b l a s t  furnace goes t o  the r e f i n e r y  on site fo r  product ion of r e f i n e d  lead .  

The c o n t r o l  system f o r  the  s i n t e r  p l a n t  c o n s i s t s  of a humidifying chamber, 

f r e s h  a i r  in t ake ,  fan and baghouse. The b l a s t  furnace c o n t r o l  s y s t e m  has 

a humidifying chamber, f r e s h  a i r  i n l e t ,  l i m e  a d d i t i o n  and baghouse. Mea- 

sured emissions from t h e  s i n t e r  p l a n t  and b l a s t  furnace opera t ion  cons is ted  

of p a r t i c u l a t e s .  Carbon d ioxide ,  carbon monoxide and oxygen were measured 

by Orsat Analysis.  Another emission, s u l f u r  dioxide,  w a s  es t imated by 

Drkger tube readings only  f o r  t h e  purpose of c a l c u l a t i n g  c a r r i e r  gas  molecular 

weight. 

lyzed f o r  lead content .  

A l l  p a r t i c u l a t e  samples c o l l e c t e d  i n  t h i s  t e s t  prpgram were ana- 

3 



The two i n l e t  duc ts  and t h e  baghouse o u t l e t  sampling poin t  f o r  

t h e  s i n t e r  p l a n t  a r e  shown i n  Figure 1. 

furnace a r e  shown i n  F igure  2 .  

The  sampling p o i n t s  f o r  t h e  b l a s t  

The following s e c t i o n s  of t h e  r e p o r t  t r e a t  (1) the summary and 

d iscuss ion  of r e s u l t s ,  (2) t h e  d e s c r i p t i o n  and opera t ion  of the process ,  

and (3) sampling and a n a l y t i c a l  procedures.  

111. SUMMARY AND DISCUSSION OF RESULTS 

Tables I, IA, 11, IIA, 111, IIIA, IV, IVA, V and VA present  a 

summary of p a r t i c u l a t e  and lead r e su l t s  from t h e  emission t e s t i n g  on the  

s in te r  p l an t .  Tota l  p a r t i c u l a t e  emissions were sampled and a l l  samples 

analyzed f o r  lead conten t .  Table  I conta ins  a n  average of t h e  c o n t r o l l e d  

and uncontrol led emissions from t h e  s i n t e r  p l a n t  ( s ee  F igure  1); Table I A  

presents  t h e  c a l c u l a t e d  d a t a  i n  m e t r i c  u n i t s .  The  opera t ion  of t h e  s i n t e r  

p l a n t ,  during t h e  tes t  per iod,  was n o t  cons tan t  and i n  t h e  opinion of  t h e  

w r i t e r  was a t y p i c a l .  

and t h e  lead  emission r a t e ,  0.624 l b /h r ;  t h e  c a l c u l a t e d  feed r a t e  f o r  t h e  

s i n t e r  machine during t h e  "Askania" baghouse sampling per iod wss 52.2 tons lh r .  

The baghouse emission r a t e  based on t h i s  feed r a t e  was: p a r t i c u l a t e  - 0.0946 

l b l t o n ;  lead - 0.0119 l b / ton .  

during p a r t i c u l a t e  t e s t i n g  was 55.1 tons /hr .  

uncontrol led emissions based on t h e  above feed r a t e  were: p a r t i c u l a t e  f r o n t  

h a l f  ca tch  (probe t i p ,  probe, cyclone and f i l t e r )  - 55.0 l b / t o n ;  p a r t i c u l a t e  

t o t a l  c a t c h  - 58.2 l b / t o n ;  lead f r o n t  h a l f  and t o t a l  catch 5.95 lb / ton .  

The baghouse p a r t i c u l a t e  emission r a t e  was 4.94 l b / h r ,  

The average feed  r a t e  f o r  t h e  s i n t e r  machine 

The average s i n t e r  p l a n t  

4 
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TABLE I 

AVERAGE CONTROLLED AND UNCONTROLLED EMISSIONS FROM 
S I N T E R  MACHINE AND ASSOCIATED OPERATIONS 

Descript ion 

P a r t i c u l a t e  Emissions 
- P a r t i a l  (Probe Tip ,  
Probe, Cyclone F i l t e r )  

P a r t i c u l a t e  Emissions 
- Tota l  (Probe, Tip  
Probe, Cyclone, F i l t e r  
and Impingers) 

Lead Emissions 
- P a r t i a l  

Lead Emissions 
- Tota l  

Feed Rate 

P a r t i c u l a t e  Emissions 
- P a r t i a l  

P a r t i c u l a t e  Emissions 
- Tota l  

Lead Emissions 
- P a r t i a l  

Lead Emissions 
- Tota l  

% Lead - P a r t i a l  

% Lead -. T o t a l  

Sampling Po in t  
S i n t e r  Machine and Associated Baghouse 

Uni t s  Operat ions (uncontrol led)  ( c o n t r o l 1 e d ) d  

l b / h r  3 ,031 
gr/DSCF 2.9& 

l b / h r  3,207. 
gr/DSCF 3 . 4 i Y  

l b / h r  3 28 
gr/DSCF 0 . 3 5 k 1  

l b / h r  328 
gr/DSCF 0 . 3 5 2 1  

t o n s l h r  55.1 

l b / t o n  55.0 

4.94 
0.00271 

-- 
-- 

0.624 
0.000341 

52.2 

- -  

l b / t o n  58.2 0.0946 

l b / t o n  5.95 -- 

l b l t o n  5.95 0.0119 

10.8 

10.2 

-- 

12.6 

a /  This  sample was no t  taken  wi th  t h e  EPA Method 5 sampling t r a i n .  I t  was - 
taken wi th  a n  "Askania" sampler i n s t a l l e d  b y  ASARCO. I t  i s  not  equiva- 
l e n t  t o  EPA Method 5, bu t  was used a s  it was t h e  only method a v a i l a b l e  
fo r  sampling a t  t h i s  l oca t ion .  

ca l cu la t ed  from weighted averages based on duc t  f lowra te  f o r  each run  
p a i r .  Runs B-6 and C - 1 ,  a l though no t  s imultaneous,  were used a s  a r u n  
p a i r  because t h e  process  feed ra tes  d i f f e r e d  by only 2%. 

b /  Since t h i s  baghouse has two i n l e t  duc t s ,  t h e  average concent ra t ions  a r e  - 

7 
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TABLE I A  

AVERAGE COhTROLLED ASD UKCOSTROLLED EXISSIOYS FRO3 
S l K E R  MACHINE ASD ASSOCIATED OPERATIONS 

D e s c r i p t i o n  

P a r t i c u l a t e  Emissions 
- P a r t i a l  (Probe T i p ,  
Probe, Cyclone and 
F i l t e r )  

P a r t i c u l a t e  Emissions 
- T o t a l  (Probe T i p ,  
Probe, Cyclone, F i l t e r  
and Impingers) 

Lead Emissions 
- P a r t i a l  

Lead Emissions 
- T o t a l  

Feed Fate 

P a r t i c u l a t e  Emissions 
- P a r t i a l  

P a r t i c u l a t e  Emissions. 
- T o t a l  

Lead Emissions 
- P a r t i a l  

Lead Emissions 
- T o t a l  

% Lead - P a r t i a l  

7. Lead - Tota l  

SamplinR P o i n t  
S i n t e r  Machine and Assoc ia t ed  Baghouse 

Un i t s  Opera t ions  ( u n c o n t r o l l e d )  ( con t ro1 led )S l  

Kg/hr 1,376 - _  
Mg / NM3 6 , 7  3 2k/ _ -  

1,456 
7 , 9 4 5 Y  

149 
80&/ 

149 
806kf 

50.0 

27.6 

29.2 

2.98 

2.98 

10.8 

10 .2  

2.24 
6.205 

-- 
- -  

0.283 
0.781 

47.3 

- _  

0.0473 

-- 

0.00596 

_ -  
12.6 

- a /  T h i s  sample was no t  t aken  w i t h  t h e  EPA Method 5 sampling t r a i n .  I t  was 
taken w i t h  a n  "Askania" sampler  i n s t a l l e d  by ASARCO. I t  is not equiva-  
l e n t  t o  EPA Method 5, b u t  was used a s  i t  was t h e  on ly  method a v a i l a b l e  
f o r  sampling a t  t h i s  l o c a t i o n .  

c a l c u l a t e d  from weighted ave rages  based on d u c t  f l o w r a t e  for each  r u n  
p a i r .  Runs B-6 and C - 1 ,  a l t hough  n o t  s imul t aneous ,  were used a s  a run 
p a i r  because  t h e  p r o c e s s  feed rates d i f f e r e d  by on ly  2%. 

- b l  S i n c e  t h i s  baghouse has  two i n l e t  d u c t s ,  t h e  a v e r a g e  c o n c e n t r a t i o n s  a r e  
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TABLE I1 

POUND PARTICULATElTON SINTER PRODUCED 

Total Particulate Rate of Sinter 
Emission Rate Produce&/ 

Run No. (lblhr) (tonslhr) 

Controlled 

A 4.94 

Uncontrolled - Sinter Machine 

B-2 2,060 

B-5 1,810 

B-6 2,450 

Average 2,107 

Uncontrolled - Sinter - Associ 

c-1 1,360 

C-2 1,090 

c-5 85 2 

Average 1,101 

ted Oper 

48.5 

44.3 

53.5 

56.5 

51.4 

- 

tions 

55.4 

44.3 

53.5 

51.1 

- 

- a/ Estimated f rom: 

Rate of sinter produced = Rate o f  sintering 
(tonslhr) feed material 

(tons/hr) 

9 

X 

Lb/Hr + Tons/Hr 
= Lb/Ton 

0.102 

46.5 

33.8 

43.4 

41.2 

- 

24.5 

24.6 

15.9 

21.7 

- 

0.93 
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Kg PARTICULATE/MTON SINTER PRODUCED 

Tota 1 P a r t i c u l a t e  Rate  o f  S i n t e r  
Emission Rate Produce&/ 

(Mtonlhr) - Run No. (kg/hr)  

Control led 

A 2.24 44.0 

Uncontrolled - S i n t e r  Machine 

B-2 935 40.2 

B-5 a22 48.5 

51.2 

Average 956 46.6 

- B-6 1,110 

Uncontrolled - S i n t e r  - Associated Operat ions 

c-1 617 50 .2  

c-2 495 40.2 

387 c-5 

Average 500 46.3 

48.5 - - 

- a /  Estimated from: 

Rate o f  s i n t e r  produced = Rate of s i n t e r i n g  
(Mton/hr) feed m a t e r i a l  X 

(Mton/hr) 

Kg/Hr + MTon/Hr 
= Kg/MTon 

0.0509 

23.3 

16.9 

21.7 

20.6 

- 

12.3 

12.3 

7.98 

10.9 

0.93 

10 



TABLE I11 

POUND LEAD/TON OF LEAD IN THE SINTER PRODUCED (ESTIMATED) 

Total Lead Percent Rate of Lead 

Run No. (lb/hr) Sinter (tons/hr)al 5 Lb/Ton 

Controlled 

Emission Rate Lead in in Sinter Lb/Hr + Tons/Hr 

A 0.624 45.4 22.5 0.0277 

Uncontrolled - Sinter Machine 
B-2 368 47.6 21.1 

B-5 113 47.1 25.2 

26.7 

Average 219 47.3 24.3 

- 47.1 - 175 - B -6 

Uncontrolled - Sinter-Associated Operations 
c-1 178 46.6 25.8 

17.4 

4.48 

6.55 

9.48 

c -2 73.6 47.6 21.1 

25.2 - 47.1 - 76.9 - c-5 

Average 110 47.1 24.0 

6.90 

3.49 

3.05 

4.48 

- 

- a/ Estimated from: 

Rate of lead in Rate of sintering Percent Lead in 
sinter produced = feed material x feed to sinter x 0.93 
(tons/hr) (tons/hr) machine 



TABLE I I I A  

KILOGRAM LEAD/MTON OF LEAD I N  SINTER PRODUCED (ESTIMATED) 

Tota l  Lead Percent Rate of Lead 
Emission Rate Lead i n  i n  S i n t e r  Kg/Hr + MTon/Hr 

R i m  No. (kg/hr)  S i n t e r  (Mton/hr) a/ = Kg/Mton 

Control led 

A 0 .283  45 .4  20 .4  0 .0139 

Uncontrolled - S i n t e r  Machine 

B -2 167 47 .6  19.1 8 .74  

B - 5  5 1 . 3  4 7 . 1  22 .9  2 .24  

3 .28  - 24 .2  - 4 7 . 1  - 7 9 . 4  - B-6 

Average 99.2  4 7 . 3  2 2 . 1  4 . 7 5  

Uncontrolled - Sinter -Assoc ia ted  Operations 

c-1 80.8  

c-2 33.4 

34.9 c-5 

Average 49.7 

- 

4 6 . 6  23 .4  3.45 

47 .6  19 .1  1.75 

1 .52  4 7 . 1  

4 7 . 1  21 .8  2 .24  

- 22.9  - - 

a /  Estimated from: - 
Rate of  l e a d  i n  

s i n t e r  produced = 
(Mton/hr) 

Rate of s i n t e r i n g  Percent  Lead i n  
feed m a t e r i a l  x feed t o  s i n t e r  x 0 . 9 3  
(Mton/hr) machine 

12 



TABLE I V  

SUMMAKY OF UNCONTKOLLED SINTER MACHINE EM1 SSlOSS 

Name D e s c r i p t i o n  
Date of Run 

- U n i t s  R-2 B-5 - 
07-18-73 07-21-73 

VEISTO Vo1 Dry Gas-Sed Cond DSCF 25.98 22 .SO 

T S  Avg S t a c k  Temperature  DEG.F . 492.7 427.8 

?A A c t u a l  S t a c k  F l o w r a t e  ACFM 173882 157652 
PER1 P e r c e n t  I s o k i n e t i c  116.0" 107.2 

PIlOS Pe rcen t  Mois tu re  by Vol 2.2 7.8 

QS S t k  F l o w r a t e ,  Dry, S t d  Cn DSCFM . 92394 83958 

PARTICULATES -- PARTIAL  CATCH^^ 

MF P a r t i c u l a t e  Wt-PartiaISl MG 3766.90 3402.40 

CAT P a r t  Load-Pel,  S t k  Cn GR/ACF 1.19 1.24 
C A W  P a r t i c  E m i s - P a r t i a l  LB/HR 1770 1680 

C A N  P a r t  Load-Pt l ,  S t d  Cn GR/DSCF 2.23 2.33 

PARTICULATES -- TOTAL CATCHC~ 

MT P a r t i c u l a t e  Wt-Totalk' MG 4391.00 3685.30 
040 P a r t  Load-Ttl ,  S t d  Cn GR/DSCF 2 .60  2.52 
CAU P a r t  Load-Tt1,Stk Cn GR/ACF 1.38 1.34 

I C  P e r c  Impinge= Catch 14.20 7.68 
CAX P a r t i c  Emis-Total  LB/HR 2060 1810 

LEAD -- PARTIAL CATCHkl 

MF w t - P a r t i a d  MG 784.06 229.64 
C A N  Load-P t l ;  S t d  Cn CRlDSCF 0.465 0.157 

C A W  E m i s - P a r t i a l  LBlHR 368 113 
Load-P t l ,  S t k  Cn GR/ACF 0.247 0.0837 

c l  LEAD -- TOTAL CXTCH- 

b l  MT Wt-Total- 
CAO Load-Ttl ,  S t d  Cn 
CAU Load-T t l ,  S t k  Cn 
CAX Emis-Total  
I C  P e r c  Impinger  Catch 

Feed ra te 
P a r t  Emission T o t a l  
Lead Emissions T o t a l  
P e r c  Lead P t l  
Pe rc  Lead T t l  

Avg Pe rc  t e e d  P t l  
Avg cere Lead T t l  

MG 
GR/DSCF 
GR/ACF 
LB/HR 

T/HR 
LB/T 
LB/T 

% 
% 

% 
% 

784.16 229.75 
0.465 ' 0.157 
0.247 0.0838 
368 113 
0 .01  0.05 

47 .6  57.5 
43.3 31.5 

7.73 1.97 
20.8 6.73 
17.9 6.24 

11.7 
10.4 

~~~ - a l  T h i s  v a l u e  is 
o f  90-1107.. 

six over t h e  upper  l i m i t  o f  t h e  a c c e p t a b l e  i s o k i n e t i c  range 
T h i s  d i f f e r e n c e  h a s  no s i g n i f i c a n t  e f f e c t  on o t h e r  r e s u l t s .  

The h i g h  v a l u e  is u n e x p l a i n a b l e .  
a n  error in s t a c k  t e m p e r a t u r e  r e a d i n g s .  
a f t e r  t h e  run .  

p r o b e ,  c y c l o n e  and f i l t e r .  

c a t c h  p l u s  t h e  impiigers .  

A p o r t i o n  o f  t h e  v a l u e  may b e  due t o  
The thermocouple  was replaced 

- b /  

- c l  

P a r t i a l  c a t c h  r e f e r s  t o  t h e  p a r t i c u l a t e  and l e a d  caugh t  i n  t h e  p robe  t i p ,  

T o t s 1  c a t c h  r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and l e a d  caugh t  i n  t h e  p a r t i a l  

13-6 
07-2 1-73 

23.15 
10.2 

484.5 
85046 

174612 
108.9 

4818.60 
3.20 
1 .,56 
2340 

5048.00 
3.36 
1.64 
2450 
4.54 

360.12 
0.240 
0.117 
175 

360.30 
0.240 
0.117 
175 
0.05 

60.8 
40.3 

2.88 
7.48 
7.15 
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NF 
CANM 
c4TN 
ChWH 

HT 
U O H  
UUH 
UXH 
IC 

MF 
c4" 
CATM 
U W M  

HT 
c4OH 
U U H  
urn 
IC 

TAME. IVA 

S I I W K Y  111' IINU)MHOI.I.F.D SINI'BH MACHINE BHISSIIINS 
(Metric Uni t s )  

u n i t s  - 6-2 
07-18-73 

R-5 
07-2 1-73 

R-6 
07-2 1-73 

v o l  Dry Gas-Std Cond RCN 0.735 0.637 0.655 

Avf Stack Temperature DEG.C . 255.9 219.9 251.3 
S t k  FIoyra~c. Dry. Std Cn W I H I N  2616.3 2377.4 2408.3 

Percent I r o k i n e t i c  116.0af 107.2 108.9 

Percent Hoisturc by V a l  2.2 7.8 10.2 

Actual Stack F l w r a t e  W/XIN 4923.8 44b4.2 4944.5 

PARTICULATES -- PARTIAL G4TC"b' 

P a r t i c u l a t e  W t - P a r t i a d  MC 3766.90 3402.40 4818.60 
Pa r t  Load-Ptl, Std Cn H C I W  5109.98 5329.00 7334.09 
Par t  Load-Ptl. Stk Cn HG/M3 2715.26 2837.99 3572.15 
P a r t i c  Emis-Part ia l /  KG/ HR 802.03 760.03 1059.56 

PARTINIATES -- TOTAL U T C E I  

P a r t i c u l a t e  Ut-Totslb/  UC 4391.00 3685.30 5048.00 
Per t  Load-Ttl. Std Cn W f W  5956.60 5772.09 7683.24 
Par t  Load-Ttl, S tk  Cn W/M3 3165.12 3073.96 3742.20 
P a r t i c  b i s - T o t s l b /  KGlHR 934.91 823.23 1110.00 
Perc Impinger Catch 14.21 7.68 4.54 

b/ LEAD -- PARTIAL UTCU- 

Wc-Partial?' w; 784.06 229.64 360.12 

Load-Ptl, Stk Cn HCIH3 565.17 191.55 266.97 
Load-Ptl, Std Cn MGlNH3 1063.62 359.67 548.12 

Emis-Partiald/  KG/HR 166.937 52.297 79.187 

LEAD -- TOTAL c4TCI@ 

bf Ut-Total- 
Load-Ttl. Std Cn 
Load-Ttl, 
Emis-Total- 
Perc Impinger Catch 
Fecdrate 
Par t  Emission Total  
Lead Emission Total  
Perc Lead P t l  
Perc k e d  T t l  
Avg Perc Lead P t l  
Avg Perc Lead T t l  

2Fk Cn 

784.16 
1063.75 
565.24 
166.959 
0.01 
43.2 
21.6 
3.87 
20.8 
17.9 

11.7 
10.4 

229.75 
359.85 
191.64 
51.322 
0.05 
52.2 
15.8 
0.983 
6.73 
6.24 

- e /  This  value  is sir ever t he  upper l i m l t  of t h e  accep tab le  i s o k i n e t i c  range 
o f  90-110%. 
The high value is  unexplainable.  A por t ion  of t he  value may be due L O  

an error in s t ack  temperature readings.  The thermocouple w a s  replaced 
a f t e r  the  run. 

P a r t i a l  ca tch  r e f e r s  t o  t h e  p a r t i c u l a t e  and lead caught i n  the  probe t i p ,  
probe, cyclone and f i l t e r .  

To ta l  ca tch  refers t o  a l l  t he  p a r t i c u l a t e  and lead  caught i n  t h e  p a r t i a l  
ca tch  p lus  the  i q i n g e r s .  

This  d i f f e rence  has no s i g n i f i c a n t  e f f e c t  OD o t h e r  reoulrs. 

- b/ 

- c l  

14 

360.30 
548.39 
267.10 
79.226 
0.05 
55. I 
20.1 
1.44 
7.48 
7.15 



Name - 
VMSTD 
PMOS 
TS 
Qs 
QA 
PER1 

MF 
CAN 
CAT 
CAW 

MT 
CAO 
CAU 
CAX 
I C  

MF 
CAN 
CAT 
C A W  

MT 
CAO 
CAU 
CAX 

TABLE V 

S W R Y  OF UNCOKTROLLED EMISSIONS FROM SINTERIW-ASSOCIATED OPERATIONS 

D e s c r i p t i o n  u n i t s  c- 1 
Date of Run 07-17-73 

Vol Dry Gas-Std Cond DS CF 103.30 
P e r c e n t  M o i s t u r e  b y  Vol 1.4 

S t k  F l o w r a t e ,  Dry, S t d  Cn DSCFM 21732 
A c t u a l  S t a c k  F l o w r a t e  ACFM 23900 
P e r c e n t  I s o k i n e t i c  91.6 

Avg S t a c k  T e m p e r a t u r e  DEG . F 98.0 

PARTICULATES - -  PARTIAL  CAT^^' 
P a r t i c u l a t e  Wt -Pa r t i a1g’  MG 48843.80 
P a r t  L o a d - P t l ,  S t d  Cn GR/DSCF 7.28 
P a r t  L o a d - P t l ,  S t k  Cn GR/ACF 6.62 
P a r t i c  E m i s - P a r t i a l a /  LB/HR 1360 

PARTICUUTES -- X)TAL CATCk&/ 

P a r t i c u l a t e  Wt-Total-  b/ m: 48863.10 
P a r t  L o a d - T t l ,  S t d  Cn GR/DSCF 7.28 
P a r t  L o a d - T t l ,  S t k  Cn GR/ACE 6.62 
P a r t i c  Emis -To ta l -  LB/HR 1360 b/ 

P e r c  I m p i n g e r  C a t c h  0.04 

LEAD -- PARTIAL CATCgI  

w t  - P a r t  i a  la/ m: 6399.85 
L o a d - P t l ,  S t d  Cn GR/DSCF 0.954 
L o a d - P t l ,  S t k  Cn GR/ACF 0.868 
E m i s - P a r t i a l -  LB/HR 178 a /  

LEAD -- TOTAL CATC&/ 

-b / U t  -To ta l -  
L o a d - T t l ,  S t d  Cn 
Load-T t1  , 
Emis -To ta l -  
Feedrate 
P a r t  Emis- T t  1 
Lead E m i s - T t l  
P e r c  Lead P t l  
P e r c  Lead T t l  
Ave P e r c  Lead P t 1  
Ave P e r c  Lead T t l  

25k Cn 

MG 
CR/DSCF 
CR/ACF 
LB/ HR 

LB/TON 
LB/TON 

% 
% 
% 
% 

TON/ HR 

6399.94 
0,954 
0.868 

178 
59.6 
22.8 

13.1 
13.1 

2.99 

c-2 
07-18-73 

93.29 
0.9 

102.5 
2 1055 
23156 
92.5 

36533.30 
6.03 
5.48 

1090 

36549.50 
6.03 
5.49 

0.04 
1090 

2469.70 
0.408 
0.371 
73.6 

2469.84 
0.408 
0.371 
73.6 
47.6 
22.9 
1.55 
6:77 
6.77 
9.63 
9.63 

c-5 
07-21-73 

87.25 
2.6 

112.6 
19017 
21901 
95.8 

29616.30 
5.23 
4.54 

852 

29646.30 
5.23 
4.54 

0.10 
852 

2672.50 
0.472 
0.410 

76.9 

2672.63 
0.472 
0.410 
76.9 
57.5 
14.8 
1.34 
9.02 
9.02 

- a /  

- b /  

P a r t i a l  c a t c h  r e f e r s  t o  t h e  p a r t i c u l a t e  a n d  l e a d  c a u g h t  i n  t h e  p r o b e  t i p ,  p r o b e ,  

T o t a l  c a t c h  refers t o  a l l  the  p a r t i c u l a t e  a n d  lead c a u g h t  i n  t h e  p a r t i a l  c a t c h  p l u s  t h e  
c y c l o n e  and f i l t e r .  

impingers. 
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Name - 

WTM 
PMOS 
TSM 
QSM 

QAM 
PER1 

MF 
CANM 
CATM 
CAWM 

MT 
CAOM 
CAUM 
CAXM 
IC 

MF 
CANM 
CARL 
CAWM 

MT 
CAOM 
CAUM 
CAm 
I C  

TABLE VA 

SUMMARY OF UNCONTROLLED EMISSIONS FROM SINTERING-ASSOCIATED OPERATIONS 
(Metric Units)  

Units c- 1 Deficription - 
Date of Run 07-17-73 

Vol Dry Gas-Std Cond NCM 2.92 
Percent Moisture by Vol 1.4 
Avg Stack Temperature DEG.C 36.7 
S t k  Flowrate, Dry, Std Cn NM3IMIN 615.4 
Actual Stack Flovrate  N3/MIN 676.8 
Percent I sok ine t i c  91.6 

PARTICULATES -- PARTIAL CATCe '  

P a r t i c u l a t e  W t - P a r t i a d  MG 48843.80 
Part Load-Ptl. Std Cn MGfiiM3 16662.42 
P a r t  Load-Ptl, S t k  Cn MG/M3 15151.44 
Partic Emis-Partiale/  KG/HR 615.13 

PARTICULATES -- TOTAL CATC&/ 

P a r t i c u l a t e  Wt-Totalb/ MG 48863.10 
Part  Load-Ttl, S t d  Cn MG/W 1666Y .01 
Pa r t  Load-Ttl, Stk,Cn MG/M3 15157.43 

bl  P a r t i c  Emis-Total- 
Perc Impinger Catch 

Wt-PartialEJ 
Load-Ptl, S t d  Cn 
Load-Ptl, S t k  Cn 
Emis-Partial- a/  

Wt-Total 
Load-Ttl, S td  Cn 
Load-Ttl, Stk Cn 
Emis-Total 
Perc Impinger Catch 
Feedrate 
Par t  Exif i  T t l  
Lead E m i s  T t l  
Perc Lead P t l  
Perc Lead T t l  
Ave Perc Lead P t l  
Ave Perc Lead T t l  

KG/HR 615.38 
0.04 

LEAD -- PARTIAL CATC& 

ffi 6399.85 
MGINM3 2183.22 
M G / M ~  1985.25 
K G ~ H R  80.599 

LEAD -- TOTAL CATCa' 

MG 
MG/m 
ffi/M3 
KG/HR 

KG/MTON 
KG/MTON 

K'ON/KR 

a 
z 
z 
'I. 

6399.94 
2183.26 
1985.27 

80.60 
0.00 

54.1 
11.4 

13.1 
13.1 

1.49 

c-2 
07-18-73 

2.64 
0.9 

39.2 
596.2 
655.7 

92.5 

36533.30 
13800.73 
12548.18 

493.60 

36549.50 
13806.85 
12553.75 

493.82 
0.04 

2469.70 
932.95 
848.27 

33.368 

2469.84 
933.00 
848.32 

33.37 
0.01 

43.2 
11.4 

.773 
6.77 
6.77 
9.63 
9.63 

c-5 
07-21-73 

2.47 
2.6 

44.8 
538.5 
620.2 

95.8 

296 16.30 
1196 1.88 
10387.02 

386.43 

29646.30 
11974.00 
10397.54 

386.82 
0.10 

2672 .50 
1079.41 
937.30 
34.87 

2672.63 
1079.46 
937.34 

34.872 
0.00 

52.2 
7.41 

9.02 
9.02 

.668 

- a /  

- b/ 

Par t ia l  ca t ch  r e f e r s  t o  the  p a r t i c u l a t e  and lead caught i n  the  probe t i p ,  probe, 

Total  ca t ch  r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and lead caught i n  the p a r t i a l  catch p lus  che 
cyclone and f i l t e r .  

impingers. 
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Table I1 contains the average of the controlled and uncontrolled 

particulate data from the emission tests, in pounds of particulate per ton 

of sinter produced. 

The controlled particulate emission rate is 0.102 lb particulate/ton sinter 

produced. 

particulate/ton sinter produced for the sinter machine and sinter-associated 

operations, respectively. 

Table I I A  contains the same data reported in metric units. 

The uncontrolled emission rate averaged 41.2 and 21.7 lb 

Table I11 presents the emission rates for lead per ton of lead 

in the sinter produced for both the controlled and uncontrolled emissions; 

Table IIIA shows the data in metric units. The controlled lead emission 

rate is 0.0277 lb Pb/ton. 

9.48 and 4.48 lb Pb/ton for the sinter machine and sinter-associated opera- 

tions, respectively. 

The average uncontrolled lead emission rate is 

Table IV contains the summary of the particulate and lead data 

from the emission tests at Point "B," the 7-ft diameter main exhaust duct 

from the sinter furnace to the inlet of the control system. 

tains the same data reported in metric units. 

weight the percent SO2 estimated from Drager tube readings was subtracted 

from the C02 value found in the Orsat analysis, and the SO2 value was then 

Table IVA con- 

In  figuring the gas molecular 

used in the molecular weight calculation. 

late and lead are: 

particulate in the total catch - 2,110 lb/hr; front half catch and total 

The average values for particu- 

particulate in the front half catch - 1,930 lb/hr; 
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catch lead - 219 lb/hr. The wide variation in loading from B stack can be 

attributed to the variance in the continuity of operation of the sinter 

plant. Run No. 2 shows the highest lead emission values and the plant was 

shut down more times during this run than in any other run. 

Table V presents the particulate and lead data from the "C" duct, 

the 3-ft diameter hygienic duct (collection duct for sintering-associated 

operations), which also is a feed duct for the pollution control system. 

Table VA contains the metric conversion for Table V. There was less than 

200 ppm SO2 in the duct as shown in Drager tube analysis, and therefore 

the SO2 was not used in calculating carrier gas molecular weight for the 

hygienic duct. 

.. 

The average values for particulate emissions and lead analytical 

values for all three runs are: particulate front half catch and particu- 

late total catch - 1,100 lb/hr; and lead front half and total catch - 110 
lb/hr. The wide variations in loading on "C" duct can also be attributed 

to the manner of operation of the sinter plant. 

Tables VI, VIA, VII, VIIA, VIII, VIIIA, IX, IXA, X, XA. XI, XIA, 

XII, XIIA, XIII, XIIIA, XIV, XIVA, XV and XVA contain the results of the 

emission testing on the uncontrolled and controlled emissions from the 

blast furnace and associated operations. 

shows the average uncontrolled and controlled emissions from the blast 

furnace operation for all three tests combined. 

Table VI is a summary table that 



TABLE VI 

AVERAGE OF EMISSIONS FRON ELAST FURNACE AKD BAGHOUSE 

Description 

Particulate Emissions - Partial (Probe Tip, 
Probe, Cyclone and 
Filter) 

Particulate Emissions 
- Total (Probe Tip, 
Probe, Cyclone, Fil- 
ter and Impingers) 

Lead Emissions 
- Partial 
Lead Emissions - Total 
Production Rate 

Particulate Emissions 
- Partial 
Particulate Emissions - Total 
Lead Emissions - Partial 
Lead Emissions - Total 

. .  . 

Z Lead - Partial 
2 Lead - Total 
Collection Efficiency 
Particulate - Partial 
Particulate - Total 
Lead - Partial 
Lead - Total 

Units 

lblhr 
gr/DSCF 

lb/hr 
gr/DSCF 

lb/hr 
gr/DSCF 

lblhr 
gr/DSCF 

tonslhr 

lblton 

lblton 

lb/ton 

_ =  - 

lb/ton 
.. 

2370 
3.11 

2400 
3.16 

307 
0.403 

307 
0.403 

13.8 

172 

174 

22.2 

. 

22.2 

Sampling Point 
Inlet to . Total Baghouse 

Control System Emissions 

12.9 

.i7.7' 
0 .014Z5' 

34.2 
0.02755' 

5.97 
0.004825' 

6.01 
0.00485=' 

13.8 

1.28 

2.47 

0.433 

.. - ~ ~. 

0.450 

33.7 
. .. .. . . - 

12.8' 17.6 

99.25% 
98.57% 
9 8.05% 
98.04% 

a/ Since this baghouse has three stacks, the average concentration was calcu- - 
lated from the weighted averages, based on the flowrate, of the indiviaual 
simultaneous sets of runs. 
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TABLE VIA 

AVERAGE OF EXISSIONS FROH BLAST FURKACE AND BAGHOUSE 
(Metric Units) 

Description . 

Particulate Emissions 
- Partial (Probe Tip, 
Cyclone and Filter) 

Particulate Emissions 
- Total (Probe Tip, 
Probe, Cyclone, Fil- 
ter and Impingers) 

Lead Emissions 
- Partial 
Lead Emissions - Total 
Production Rate 

Particulate Emissions 
- Partial 
Particulate Emissions - Total 
Lead Emissions 
- Partial . .  

Lead Emissions 
- Total 
7. Lead - Partial 
X Lead - Total 
Collection Efficiency 
Particulate - Partial 
Particulate - Total 
Lead - Partial 
Lead - Total 

Samplinx Point 
Inlet to Total Baghouse 

Units Control System Emissions 

Q/hr 1070 8.01 
MglW 7110 ' 32.551 

Kslhr 1090 15.5,/ 
Ye/Wl3 7220 63.0- 

Q/hr 139 2.71 
Mg/W 922 1l.G' 

2.73 
a/ Mg/W 922 11.1- 

Q/hr 139 

MT/hr 12.5 12.5 

Q/MT . 86.2 0.641 

Q/MT 87.2 1.23 

. .  

G/MT 11.1 0.217 
- - =  . . .  . .. . .- - . - _ _  . -. 

Kg/MT 11.1 0.224 

12.9 33.7 

12.8 17.6 
.- _. 

99.25% 
98.57% 
98.05% 
98.04%. 

a/ Since the baghouse has three stacks, the average concentration was cal- - 
culated from the weighted averages, based on flowrate. of the individual 
simultaneous sets of runs. 
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TABLE VI1 

TOTAL EMISSIONS BLAST FURNACE - BAGHOUSE PER TEST 

Descr ipt ion 

P a r t i c u l a t e  Emission 
Blast  - Partial*' 

P a r t i c u l a t e  Emission 
Blast  - Tote&/ 

Lead Emission 
Blast  - P a r t i a d  

Lead Emission 
Blast - T o t a l v  

P a r t i c u l a t e  Emission 
Baghouse - P a r t i a l  

P a r t i c u l a t e  Emission 
Baghouse - Total 

Lead Emission 
Baghouse - P a r t i a l  

Lead Emission 
Baghouse - Total  

P a r t i c u l a t e  Ef f ic iency  
- P a r t i a l  
P a r t i c u l a t e  Ef f ic iency  
- Total 
Lead Eff ic iency 
- P a r t i a l  
Lead Eff ic iency - Total 

Production Rate 

P a r t i c u l a t e  Emission 

P a r t i c u l a t e  Emission 

Lead Emission 

Lead Emission 

Blast  - P a r t i a l  

Blast  - Total  

Blast  - P a r t i a l  

Blast  - T o t a l  

p a r t i c u l a t e  Emission 
Baghouse - P a r t i a l  

P a r t i c u l a t e  Emission 
Baghouse - Total  

Lead Emission 
Baghouse - P a r t i a l  

Lead Emission 
Baghouse - Total  

Units  - 
l b l h r  

l b l h r  

l b l n r  

l b l h r  

l b l h r  

l b l h r  

l b l h r  

l b l h r  

7. 

2 

2 

z 

t on lh r  

l b l t o n  

l b l t o n  

l b l t o n  

l b l t o n  

l b l t o n  

l b l t o n  

l b l t o n  

l b l t o n  

Test  3 - 
2,650 

2,690 

42 4 

42 4 

20 .2  

36.8 

6.43 

6.47 

99.2 

98.6 

98.5 

98.5 

13.9 

191 

194 

30.5 

30.5 

1.45 

2 .65  

0.463 

0.465 

T e s t  4 

2,500 

2,530 

303 

303 

10.7 

24.2 

2.59 

2.64 

99.6 

99.0 

99.1 

99.1 

13.8 

181 

183 

22.0 

22.0 

0.775 

1.75 

0.188 

0.191 

Test 7 - 
1,950 

1,990 

193 

193 

2 2 . 2  

41.7 

8.89 

8.93 

98.9 

97.9 

95.4 

95.4 

13.8 

141 

144 

1 4 . 0  

14.0 

1.61 

3.02 

0.644 

0.647 

- a/  
bl 

P a r t i a l  r e f e r s  t o  t h e  ma te r i a l  caught i n  t h e  probe t i p ,  probe, cyclone and f i l t e r .  
Total  r e f e r s  t o  the  p a r t i a l  plus  the mater ia lcaught  i n  the  impingers. - 
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TABLE V I I A  

TOTAL EXISSIONS BLAST FVEWACE - BAGHOUSE PER TEST 
(Metric Units) 

Description 

Particulate Emission 
Blast - Partialzl 

Particulate Emission 
Blast - Totall?/ 

Lead Emission 
Blast - Partial 

Lead Emission 
Blast - Total 

Particulate Emission 
Baghouse - Partial 

Particulate Emission 
Baghouse - Total 

Lead Emission 
Baghouse - Partial 

Lead Emission 
Baghouse - Total 

Production Rate 

Particulate Emission 
Blast - Partial 

Particulate Emission 
Blast - Total 

Lead Emission 
Blast - Partial 

Lead Emission 
Blast - Total 

Particulate Emission 
Baghouse - Partial 

Particulate Emission 
Baghouse - Total 

Lead Emission 
Baghouse - Partial 

Lead Emission 
Baghouse - Total 

Test 3 

1,200 

1,220 

192 

19 2 

9.17 

16.7 

2.92 

2.93. 

12.6 

95.2 

96.8 

15.2 

15.2 

, 0.728 
1.33 

0.232 

0.233 

Test 4 

1,140 

1,150 

137 

137 

4.86 

11.0 

1.18 

1.20 

12.5 

91.2 

92.0 

11.0 

11.0 

0.389 

0.880 

0.0944 

0.0960 

Test 7 

883 

903 

87.7 

87.7 

. lo.  1 

18.9 

4.03 

4.05 

12.5 

70.6 

72.2 

7.02 

7.02 

0.808 

1.51 

0.322 

0.324 

- a/ 

bJ 

Partial refers to the material caught in the probe tip, probe, cyclone 

Total refers to the partial plus the material caught in the impingers. 
and filter. 
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Name - 
VMSTD 
PMOS 
TS 
QS 
QA 
PER1 

MF 
C A N  
CAT 
CAW 

MT 
CAO 
CAU 
CAX 
I C  

MF 
CAN 
CAT 
CAW 

MT 
CAO 
CAU 
CAX 
I C  

TABLE X I 1  

SU%MARY OF UNCONTROLLED BLAST FURNACE EMISSIONS 

Descript ion 
Date of Run 

Units D-3  D-4 
07-19-73 07-20-73 

Vol Dry Gas-Std Cond DSCF 26.03 26.73 

Avg Stack Temperature DEG . F 258.0 253.0 
Stk Flowrate,  Dry, Std Cn DSCFM 87582 90137 
Actual Stack Flowrate ACFM 125923 127423 
Percent l s o k i n e t i c  110.8 110.6 

Percent Moisture by Vol 3.1 2.0 

PARTICULATES -- PARTIAL CATC&I 

P a r t i c u l a t e  Wt-Partial  MG 5978.00 5626.70 
Par t  Load-Ptl, Std Cn GR/DSCF 3.54 3.24 
Par t  Load-Ptl, Stk C GR/ACF 2.46 2.29 
P a r t i c  Emis-Partial- a? LB/HR 2650 2500 

PARTICULATES -- TOTAL CAT&/ 

P a r t i c u l a t e  Wt-Total- b/ MG 6065.10 5675.40 
Part Load-Ttl, Std Cn GR/DSCF 3.59 3.27 
Par t  Load-Ttl, S tk  Cn GR/ACF 2.50 2 .31  
P a r t i c  Emis-Total- b/ LB/HR 2690 2530 
Perc Impinger Catch 1.44 0.86 

LEAD -- PARTIAL CAT&/ 

Ut-Part ia l -  a /  MG 954.57 680.71 
Load-Ptl, Std Cn GRIDSCF 0.565 0.392 
Load-Ptl, S tk  Cn GR/ACP 0.393 0.277 

a /  Emis-Partial- LB/HR 424 303 

LEAD -- TOTAL CATC&' 

b/ Ut-Total- 
Load-Ttl, Std Cn 
Load-Ttl, S k Cn 
Emis-Total- 
Perc Impinger Catch 
Prod Rate 
Par t  E m i s  T t l  
Lead Emis T t 1  
Perc Lead P t l  
Perc Lead T t l  
Ave Perc Lead P t l  
Ave Perc Lead T t l  

J 

MG 
GR/DSCF 
GRlACF 
LB/HR 

TON/ HR 
LB/TON 
LB/TON 

% 
-lo 
7. 
% 

955.12 
0.565 
0.393 

0.06 
424 

13.9 
194 
30.5 
16.0 
15.8 

680.81 
0.392 
0.277 

0.01 
303 

13.8 
183 
22.0 
1 2 . 1  
12 .o 
12.7 
12.5 

D-7 
07-23-73 

25.85 
4 . 1  

206.8 
89140 

12 002 5 
108.2 

4278.60 
2.55 
1.89 

1950 

4376.30 
2.61 
1.94 

2.23 
1990 

424.83 
0.253 
0.188 

193 

424.99 
0.253 
0.188 

0.04 
193 

13.8 

14.0 
144 

9.90 
9.70 

51 , P a r t i a l  catch r e f e r s  t o  the  p a r t i c u l a t e  and lead caught i n  t h e  probe t i p ,  probe, 

- b/ Total  ca tch  r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and lead caught i n  t h e  par t ia l  ca t ch  plus  the 
cyclone and f i l t e r .  

inpingers .  
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Name - 
VMSlM 
PMOS 
TSM 
QSM 
QAM 
PER1 

MF 
CANM 
CATM 
CAWM 

MT 
MOM 
CAW 
CAm 
I C  

MF 
CANM 
CATM 
CAWM 

MT 
CAOM 
CAUM 
CAXM 
I C  

TABLE XIIA 

SlJMPl4RY OF UNCOmROLLED BLAST FURNACE EMISSIONS 
(Metric Units)  

De sc r i p  t i o n  Units D-3 
Date of Run 07-19-73 

Vol Dry Gas-Std Cond NCM 0.737 
Percent Moisture by Vol 3 . 1  

S tk  Flowrate. Dry, Std Cn N M 3 / M I N  2480.1 
Actual Stack Flowrate N3/MIN 3565. 8 
Percent I sok ine t i c  110.8 

Avg Stack Temperature DEG . C 125.5 

PARTICULAlTS -- PARTIAL C A T C e I  

P a r t i c u l a t e  Ut-Part ia l  MG 5978.00 
Part Load-Ptl, Std Cn MG/m 8093.77 
Part Load-Ptl, Stk Cn MG/M 5629.37 
P a r t i c  E m i s - P a r t i a l  KG/m 1204.17 

b/ 
PARTICULATES -- TOTAL CATCH- 

P a r t i c u l a t e  Wt-Total MG 6065.10 
Part  Load-Ttl, Std Cn MG/m 8211.69 
Part  Load-Ttl. Stk Cn MG/M3 5711.39 
Partic Emis-Total 
Perc Impinger Catch 

Wt-Partial 
Load-Ptl, Std Cn 
Load-Ptl, S tk  Cn 
Emis -Pa r t i a l  

Ut-Total 
Load-Ttl, Std i n  
Load-Ttl, Stk Cn 
Emis- To t a l  
Perc Impinger Catch 
Prod Rate 
Par t  Emis  T t l  
Lead E m i s  T t l  
Perc Lead P t l  
Perc Lead T t 1  
Ave Perc Lead P t l  
Ave Perc Lead T t l  

KG/m 1221.72 
1.44 

LEAD -- PARTIAL CATCI@ 

MG 954.57 
M G / m  1292.42 
MGIM3 898.90 
KG/HR 192.283 

LEAD -- TOTAL C A T C d  

MC 955.12 
M G / m  1293.16 
MG/# 899.42 
K / H R  192.394 

0.06 
MTON/HR 12.6 
KG/MTON 96.9 
KG/MTON 15.2 

% 16.0 
% 15.8 
% 
7. 

D-4 
07-20-73 

0.756 
2.0 

122.8 
2552.4 
3608.2 

110.6 

5626.70 
7418.02 
5247.41 
1135.84 

5675.40 
7482.23 
5292.82 
1145.67 

0.86 

680.71 
897.42 
634.82 
131.412 

680.81 
897.55 
634.92 
137.432 

0.01 
12.5 
91.6 
11.0 
12.1 
12.0 
12.7 
12.5 

D-7 
01-23-73 

0.732 
4 .1  

97.1 
2524.2 

108.2 
3398.8 

4278.60 
5831.83 
4331.17 
883.09 

4376.30 
5965.00 
4430.07 

903.25 
2.23 

424.83 
579.05 
430.05 

87.603 

424.99 
579.27 
430.21 

87.716 
0.04 

12.5 
72.2 
7.02 
9.90 
9.70 

- a /  

- bl 
Partial catch r e f e r s  t o  the  p a r t i c u l a t e  and lead caught i n  the probe t i p ,  probe, 

Total  catch r e f e r s  to  a l l  the  p a r t i c u l a t e  and l ead  caught i n  the  p a r t i a l  ca t ch  plus  the  
cyclone and f i l t e r .  

impingers. 
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MF 
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MF 
CAN 
CAT 
C A W  

MT 
CAO 
CAU 
CAX 
I C  

TABLE X l I I  

SUMMARY UF EMlSSlONS FROM BLAST FURNACE BACilOUSli - E STACK 

Desc r ip t ion  
Date of Hun 

U n i t s  E-3 - 
07-19-73 

vol  Dry Gas-Std Cond DSCF 51.72 

Avg Stack  Temperature DEG . F 141.4 
S tk  Flowrate, Dry, Std  Cn DSCFM 55424 
Actua l  S t ack  Flowrate ACFM 66816 
Percent  I s o k i n s t i c  102.0 

Percent  Moisture by Vo1 3 .9  

PARTICUlATES -- PARTIAL CAT&/ 

P a r t i c u l a t e  Wt -Pa r t i a l  w 82 .so 
Par t  Load-Pt l ,  S td  Cn GRIDSCF 0.0246 
Parc Load-Pt1, S t k  Cn GRlACF 0.0204 
P a r t i c  Emis -Pa r t i a l  LB/HR 11.7 

PARTICULATES -- TOTAL  CATCH^^ 
P a r t i c u l a t e  wt-Totalb' MG 137.20 
P a r t  Load-Ttl. S td  Cn GRlDSCF 0.0408 
P a r t  Load-Ttl ,  S t k  Cn CRlACF 0.0339 
P a r t i c  Emis-Totalk' 
Perc Impinger Catch 

Wt-Par t ia la '  
Load-Ptl. S td  Cn 
Load-Ptl ,  S t k  Cn 
E m i s - P a r t i a l -  a1 

b/ Wt-Total- 
Load-Ttl ,  S td  Cn 
Load-Tt1,:S k Cn 
Emis-Total- b j  

Perc Impinger Cntch 
.Prod Rate 
P a r t  E m i s  T t l  
Lead E m i s  T t1  
Perc  Lead E m i s  P t l  

L B l H R  19.4 
39.87 

a/ LEAD -- PARTIAL C A T C l t  

MG 24.85 
CRlDSCF 0.00740 
GR/ACF 0.00614 
LBIHR 3.51 

b/  LEAD -- TOTAL CATCH- 

MG 24.94 
GR/DSCF 0.00743 
GR/ACF 0.006 16 
LB/HR 3.53 

0.36 
TON/HR 13.9 
LBlTON 1.40 
LBITON 0.254 

7. 30.0 
Pert Laad E m i s  T t l  % 
Avg Perc Lead Emia P t l  % 
Avg Perc Lead Emis T t 1  x 

18.2 

E-4 
07-20-73 

63.72 
5 .3  

126.4 
70367 
84169 

99.0 

37.80 
0.00914 
0.00764 
5 .51  

83.80 
0.0202 
0.0169 

12.2 
54.89 

7.75 
0.00187 
0.00157 
1.13 

7.88 
0.00190 
0.00159 
1.15 
1.65 

0.884 
0.0833 

9.43 

13.8 

20.5 

28.3 
15.0 

E-7 
07-23-73 

52.53 
4 .4  

131.7 
57497 
68474 

99 .9  

73.80 
0.0216 
0.0182 

10.7 

147.00 
0.0431 
0.0362 

21.2 
49.80 

25.47 
0.00747 
0.00627 
3.68 

25.60 
0.00750 
0.00630 
3.70 
0 .51  

1.54 
0.268 

13.8 

34.4 
17.4 

- a/  

- b /  

P a r t i a l  c a t c h  refers t o  t h e  p a r t i c u l a t e  end lead  caughc i n  the  probe t i p .  p robe ,  

Toca1 c a t c h  r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and l e a d  caught  in che p a r t i a l  c a t c h  p lus  che 
cyc lone  and f i l t e r .  

impingera.  

iy 
I 
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Namc - 
VMSTM 
PMOS 
TSN 
W M  
QAM 
PER1 

El F 
CANM 
CATM 
CAWM 

MT 
CAOM 
CAW 
CAXM 
I C  

MF 
CANM 
CATM 
CAWM 

MT 
CAOM 
CALM 
CAm 
I C  

TABLE XIIIA 

SUMElARY OF EMISSIONS FKOM BLAST FURNACE BAGHOUSE - E STACK 
(Metric Units)  

nescr ip t ion  
Date of Run 

E - 3  E-4 
07-19-73 .07-20-73 

Vol Dry Gas-Std Cond NCM 1.465 1.804 
Percent Moisture by Vol 3.9 5 .3  
Avg Stack Temperature DEG . C 60.8 52.5 
Stk Flowrate, Dry, Std Cn NM3/MIN 1569.4 1992.6 
Actual Stack Flowrate M3/MIN 1892.0 2383.4 
Percent I s o k i n e t i c  102 .o 99.0 

/ PARTICULATES -- PARTIAL CAT& 

Pa r t i cu la t e  W t - Par t i a  1 MG 82.50 37.80 
Part  Load-Ptl, Std Cn MG/NM3 56.21 20.91 
Part  Load-Ptl, Stk Cn MG/M3 46.63 17.48 
P a r t i c  Emis-Partial  KC/HR 5.29 2.50 

PAKTICULATES -- TOTAL CAT&/ 

Pa r t i cu la t e  Wt-Total MG 137.20 83.80 
Part  Load-Ttl. Std Cn M G / W  93.48 46.35 
Part  Load-Ttl, Stk Cn MG/M3 77.54 38.75 
Part  i c  E m i s  -To ta 1 
Perc Impinger Catch 

Wt-Part ia l  
Load-Ptl, Std Cn 
Load-Ptl, S t k  Cn 
Emis-Partial  

W t  -To ta  1 
Load-Ttl, Std Cn 
Load-Ttl, Stk Cn 
Emis-Total 
Perc Impinger Catch 
Prod Rate 
Part  E m i s  T t 1  
Lead E m i s  T t l  
Perc Lead E m i s  P t l  
Perc Lead E m i s  T t l  

K G / H R  8 .80 
39.87 

LEAD -- PARTIAL CATC&/ 

MG 24.85 
MG/NM3 16.93 
MG/M3 14.05 
K G / H R  1.594 

b/ Lead - -  TOTAL C A T C b  

MG 
MG/NM3 
MG/M3 
K G / H R  

MTON/HR 
KG /MTON 
KG/MTON 

% 
7. 

Avg Perc Lead E m i s  P t l  ib 
Avg Perc Lead Emis T t l  % 

24.94 
16.99 
14.10 

1.600 
0.36 

0.698 
0.127 

12.6 

30.0 
18.2 

5.54 
54.89 

7.75 
4.29 
3.58 
0.512 

7.88 
4.36 
3.64 
0.521 
1.65 

0.443 
0.0416 

9.43 

12.5 

20.5 

28.3 
15.0 

E-7 
07-2 3-73 

1.488 
4.4 

55.4 
1628.2 
1939.0 

99.9 

73.80 
49.51 
41.57 

4.84 

147.00 
98.61 
82.81 

9.63 
49.80 

25.47 
17.09 
14.35 

1.669 

25.60 
17.17 
14.42 

1.677 
0.51 

0.770 
0.134 

12.5 

34.4 
17.4 

- a /  

- b/ 

P a r t i a l  catch r e f e r s  t o  the  p a r t i c u l a t e  and lead caught i n  the  probe t f p ,  probe, 

Total  catch r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and lead caught i n  the  par t ia l  catch plus  the  
cyclone and f i l t e r .  

impingers. 
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TABLE X I V  

li 

I' 
i 
1 -  
1. 

I. 
L 1. 

1: 

i 
I 
8 

I.' 
I... 

IO 

X>"l<. - 
\'EISTI) 
PMOS 
TS 
QS 
QA 
PER1 

M F 
CAN 
CAT 
C A W  

MT 
CAO 
CAU 
CAX 
I C  

MF 
CAN 
CAT 
CAW 

MT 
CAO 
CAU 
CAX 
I C  

SUNMARY OF EMlSSIUNS FROM BLAST FURNACE BAGHOUSE - F STACK 

D e s c r i p t i o n  
Date of  Run 

u n i t s  F-3 F-4 - 
07-19-73 07-20-73 

V o l  Dry Gas-Std Cand DSCF 76.05 74.13 

AVG S t a c k  Temperacurc DEG . F 151 .3  147.3 

Actua l  S t a c k  F lowra te  ACFM 48664 47918 
Pe rcen t  I s o k i n e t i c  93 .7  92 .7  

Pe rcen t  Mois ture  by V a l  4 . 6  4 . 9  

S t k  F lowra re ,  Dry, S t d  Cn DSCFM 39425 38839 

PARTICULAIES -- PARTIAL C4TCe' 

P a r t i c u l a t e  W t - P a r t i a l  MG 38.50 52.30 
P a r t  Load-Pt l ,  S td  Cn GRIDSCF 0.00780 0.0109 
Part Load-Pt l ,  S t k  Cn GR/ACF 0.00632 0.00881 
P e r t i c  E m i s - P a r t i a l  LB/HR 2 .63  3.62 

PARTICULATES -- TOTAL CAT& 

P a r t i c u l a t e  Wt-Total  m; 111.40 101 .60  

P a r t  Load-Tt l ,  S t k  Cn GRIACF 0 .0183 0.0171 
P a r t  Load-Ttl ,  S td  Cn CR/DSCF 0.0226 0.0211 

P a r t i c  Emis-Total  
Perc  Impinger Catch 

W t - P a r t i a l  
Load-Pt l .  S td  Cn 
Load-Pt l .  S t k  Cn 
E m i s - P a r t i a l  

Wt-Total  
Load-Tt l ,  S t d  Cn 
Load-Tt l ,  S t k  Cn 
Emis-Total  
Perc  Impinger Catch 
Prod Rate 
P a r t  E m i s  T t l  
Lead Emis T t l  
Perc  Lead Emis P t l  
Perc  Lead E m i s  T t l  
Avg Perc Lead P t l  
Avg Perc  Lead T t 1  

LB/HR 7.62 
65 .44  

LEAD - -  'PARTIAL CATC@ 

MG 8.37  
GR/DSCF 0.00170 
GRIACF 0.00137 
LB/Hr 0 .570  

LFAD -- TOTAL CATC&/ 

MG 8.47  ~ 

GRlDSCF 0.00172 
GR/ACF 0.00139 
L B / H R  0.580 

TON/HR 13 .9  
LB/TON 0 .548  
LB/TON 0.0417 

% 21 .7  

1.18 

7 .03  
48.52 

15.72 
0.00327 
0.00265 
1.09 

15.89 
0.00330 
0.00268 
1.10 
1.07 

0;509 
0.0797 

13 .8  

30.1 
15.6 
31 .4  
15 .1  

F-7 
07-23-73 

73.08 
4 . 1  

91.4 

64.20 
0.0134 
0 .0111 
4.50 

123.40 
0.0257 
0.0213 
8 .65  

47.97 

27.22 
0.00567 
0.00470 
1 .91  

27.32 
0.00569 
0,00472 
1.92 
0.37 

0.627 
0.139 

1 3 . 8  

42 .4  
22 .2  

- a /  

- b l  

Part ia l  c a t c h  refers t o  t h e  p a r t i c u l a t e  and l e a d  caugh t  i n  t he  probe t i p ,  p robe ,  

T o t a l  c a t c h  r e f e r s t 0  a l l  t h e  p a r t i c u l a t e  and l e a d  caugh t  i n  the  p a r t i a l  c a t c h  p l u s  t h e  
cyc lone  and f i l t e r .  

impingers .  

/ 
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Name - 
VMSTM 
PMOS 
TSM 
QSM 
PAM 
P E R 1  

MF 
CANM 
CATM 
CAWM 

MT 
CAOM 
CAm 
CAm 
I C  

MF 
CANM 
CATM 
CAWM 

hT 
CAOM 
CAm 
CAm 
I C  

TABLE X I V A  

SU&ARY OF EMISSIONS FROM BLAST FURNACE BAGHOUSE - F STACK 
(Metric Units)  

Description - Units F-3 F-4 
Date of Run 07-19-73 07-20-73 

Vol Dry Gas-Std Cond N W  2.154 2.099 

Avg Stack Temperature DEG.C 66.3. 64.1 

Actual Stack Flowrate M 3 / M I N  1378.0 1356.9 
Percent I sok ine t i c  93.7 92.7 

Percent Moisture by Vol 4.6 4.9 

S tk  Flowrate, Dry, Std Cn N M 3 t M I N  1116.4 1099.8 

PARTICJUTES -- PARTIAL CAT&/ 

P a r t i c u l a t e  W t -  P a r  t i a  1 MG 38.50 52.30 
Par t  Load-Ptl, S t d  Cn MG/NM3 17.84 24.86 
P a r t  Load-Ptl, Stk Cn M G / M 3  14.45 20.15 
Par  t i c  Emis  -Par t i a  1 KG/HR 1.19 1.64 

b/ PARTIC!LATES -- TOTAL CATCW 

P a r t i c u l a t e  Wt-Total MG 111.40 101.60 
Pa r t  Load-Ttl, Std Cn M G / W  51.62 48.30, 
Pa r t  Load-Ttl, Stk Cn MG/M3 41.82 39.15 
P a r t i c  Emis-Total 
Perc Impinger Catch 

Wt-Partial 
Load-Ptl, Std C n  
Load-Ptl, Stk Cn 
Emis-Partial 

W t -To ta 1 
Load-Ttl, Std Cn 
Load-Ttl, S tk  Cn 
Emis-Total 
Perc Impinger Catch 
Prod Rate 
Part E m i s  T t 1  
Lead Emis T t l  
Perc Lead E m i s  P t 1  
Perc Lead E m i s  T t l  

KG/HR 3.46 
65.44 

LEAD -- PARTIAL CATCH%/ 

MG 8.37 
MG/W 3.88 
M G / M 3  3.14 
KG/HR 0.260 

LEAD -- TOTAL CAT&/ 

MG 8.47 
MG/iW3 3.93 
MG/M3 3.18 
KG/HR 0.263 

1.18 
MTON/HR 12.6 
KG/MTON 0.275 
KGIMTON 0.0208 

% 21.7 
% 7.61 

3.19 
48.52 

15.72 
7.47 
6.06 
0.493 

15.89 
7.55 
6.12. 
0.498 
1.07 

0.255 
0.0398 

12.5 

30.1 
15.6 

F-7 
07-23-73 

2.092 
4.1 

60.7 
1111.6 
1341.8 

91.4 

64.20 
30.62 
25.37 
2.04 

123.40 
58.86 
48.76 

3.93 
47.97 

27.22 
12.98 
10.76 
0.866 

27.32 
13.03 
10.80 
0.869 
0.37 

0.314 
0.0695 

12.5 

42.4 
22.2 

Avg.Perc Lead E m i s  P t l  % 31.4 
Avg Perc Lead E m i s  T t l  % 15.1 

a /  Par t ia l  catch r e f e r s  t o  the  p a r t i c u l a t e  and lead caught i n  the  probe t i p ,  probe, 

- b/ 

- 
cyclone and f i l t e r .  

i m p  ingers  . 
Total catch r e f e r s  t o  a l l  t he  p a r t i c u l a t e  and lead caught i n  t h e  p a r t i a l  ca t ch  p l u s  the 
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\"STD 
PMll.5 
TS 
QS 
QA 
PER1 

HF 
CAN 
CAT 
CAW 

m 
CAO 
CAU 
CAX 
I C  

M 
CAN 
CAT 
c4U 

MT 
0.0 
CAU 
CAX 
I C  

TABLE XV 

SUHMARY OF EElISSlONS FROM BLAST FURNACE BAGHOUSK - G STACK 

D c s c r i p t i o n  
Date of Run 

U n i t s  G-3  - 
07-19-73 

Val Dry Gas-Std Cond DSCF 82 .43  

Avg S tack  Temperature DEG.F 150. I 
S t k  F l w r a t e .  Dry. s t d  Cn DSCFU 43723 
Ac tua l  S t a c k  F l o v r a t e  ACFU 54002 
Pe rcen t  I s o k i n e t i c  91.6 

Pe rcen t  Moisture by Yo1 6.8 

PARTICULATES -- PARTIAL CATC#/ 

P a r t i c u l a t e  U t - P a r t i a l  MG 83 .80  
P a r t  Load-Pt l ,  S t d  (;h GRIDSCF 0.0157 
P a r t  Load-P t l ,  S t k  Gn GRlACF 0.0127 
P a r t  i c  Emis- Partial  LBlHR 5.87 

b/ PARTICULATES -- TOTAL CATCH- 

P a r t i c u l a t e  U t -To ta l  HG 140.20  
P a r t  Load-Tt l ,  S t d  Cn GRIDSCF 0.0262 

P a r t i c  Emis-Total  LBIHR 9.81  
Pe rc  Impinger Catch 40.23 

P a r t  Load-Tt l ,  S t k  Cn GR/ACF 0.0212 

a l  
LEAD -- PARTIAL CATCtt 

U t - P a r t i a l  MG 33.52 
Load-Ptl .  S td  Cn GRIDSCF 0.00626 
Load-Pt l ,  S t k  Cn GR/ACF 0.00507 
E m i s - P a r t i a l  LB/HR 2.35 

b /  
LEAD - -  TOTAL CATCtP  

Wt-Total  
Load-Ttl ,  S td  Cn 
Load-Tt l ,  S t k  Cn 
Emis-Total  
Perc  lmpinger Catch 
Prod Rate 
P a r t  E m i s  T t l  
Lead Emis T t l  
Perc  Lead E m i s  P t 1  
Perc  Lead Emis T t l  
Avg Perc  Lead E m i s  P t l  
Avg Perc Lead Emis T t 1  

MG 
GRlDSCF 

LB/HR 
GR/ACF 

TON/HR 
LB/TON 
LB/TON 

7. 
7. 
7. 
7. 

33 .71  
0.00630 
0.00510 
2.36 
0.56 

0.706 
0.170 

13.9 

40.0 
24.0 

G-4 
07-20-73 

84.49 
5 .4  

138 .5  
44762 
54665 

91.7 

22 .00  
0.00401 
0.00328 
1.54 

71.40 
0.0130 
0.0107 
4.99 

69.19 

5 .35  
0.000980 
0.000800 
0.370 

5.64 
0.00103 
0.000840 
0.390 
5.14 

0.362 
0 .0283 

7.82 

13.8 

24.0 

37.0 
20.0 

c -7  
07-23-73 

91.52 
4.3 

154.2 
49840 
61612 

89.2 

97.40 
0.0164 
0.0133 
7.00 

164.00 
0.0276 
0.0223 

11.8 
40.61 

45.97 
0.00774 
0.0062 6 
3.30 

46.05 
0.007 75 
0.00627 
3 .31  
0 .17  

0.855 
0 .240  

13.8 

4 7 . 1  
28 .1  

- a/  

- b l  

P a r t i a l  c a t c h  r e f e r s  to t h e  p a r t i c u l a t e  and lead caugh t  i n  t h e  probe  t i p ,  p robe .  

T o t a l  cecch refers t o  a l l  t h e . p a r t i c u 1 a t e  and l e a d  caugh t  i n  t h e  p a r t i a l  c a t c h  p l u s  t h e  
cyc lone  and f i l t e r .  

impingers .  
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Nan42 - 

\ M T M  
PMOS 
TSM 
QSM 
QAM 
PER1 

MF 
CA h% 
CAm 
C A W M  

M 
CAOX 
CAW 
CAXM 
I C  

MF 
CAW 
CATM 
CAWM 

MT 
CAOM 
CAUM 
CAXM 
I C  

TABLE XVA 

SWlARY OF kMlSS1ONS FRON BLAST FURNACE BAGHOUSE - G STACK 
(Metr ic  U n i t s )  

D e s c r i p t i o n  
Date of Run 

U n i t s  6-3 - 
07-19-73 

G-4 
07-20-73 

Vol  Dry Gas-Std Cand NIX 2 .334  

Avg S tack  Temperature DEC . C 65.6 
S t k  F lowra te ,  Dry, S t d  Cn NK(/MIN 1238.1 
Ac tua l  S t ack  F lawra te  M3/MIN 1529.2 
Pe rcen t  I s o k i n e t i c  91.6 

Pe rcen t  Mois ture  by Vol 4 . 8  

a/  
PARTICLUTES -- PARTIAL CATCH- 

P a r t i c u l a t e  W t - P a r t i a l  MG 83.80 
P a r t  Load-Pt l ,  Scd Cn MG/NM3 35.83 
Part  Load-Pt l ,  S t k  Cn MG/M3 29 .01  
P a r t i c  Emis-Par t ia l  KG/HR 2.66 

b l  
PARTICULATES -- TOTAL CATCH- 

P a r t i c u l a t e  Wt-Total  MG 140.20 
P a r t  Load-Tt l ,  S t d  Cn MG/NM3 59.94 
P a r r  Load-Tt l ,  Sck Cn MCIM3 48 .53  
P a r t i c  Emis-Total  K C l H R  4 . 4 5  
Perc  Impinger C a t c h  40 .23  

a /  
LEAD -- PARTIAL CATCH- 

W t - P a r t i a l  MG 33.52 
Load-Pt l ,  S td  Cn M G I N M 3  14.33  
Load-Pt l ,  S t k  C n  MG/M3 11.60 
E m i s - P a r t i a l  KGIHR 1.064 

bl 
LEAD -- TOTAL CATCH- 

2 .393  
5 .4  

59 .2  
1267.5 
1547.9 

91.7 

22.00 
9 .18  
7.51 
0.700 

71.40 
29 .78  
24.38 

2 .26  
69.19 

. 5 . 3 5  
2.23 
1.83 
0.170 

Wt-Total  
Load-Ttl ,  Std C n  
Load-Tt l ,  S tk  Cn 
Emis-Total  
Perc  Impinger Catch 
Prod Race 
P a r t  Emis T t l  
Lead E m i s  T t l  
Perc Lead E m i s  P t l  
Pe rc  Lead Emis T t l  
Avg Perc  Lead E m i s  P t l  
~ v g  Pe rc  Lead E m i s  T t 1  

MG 
M G / W  
MG/M3 
KG/HR 

MTONl HR 
K G I H I O N  
KGIMTON 

% 
9. 
% 
z 

33.71 
14.41 
11 .67  

1.070 
0.56 

0 .353  
0.0849 

12.6 

4 0 . 0  
24.0 

5.64 
2 .35  
1.93 
0.179 
5 . 1 4  

0 .181  
0.0143 

12 .5  

24 .0  
7.82 

37 .O 
20.0  

c -7  
07-23-73 

2.592 
4.3 

67 .9  
1411.3 
1744.7 

89.2 

97.40 
37.51 
30.34 

3.18 

164.00 
63.15 
51 .08  

5 .35  
40.61  

45 .97  
17.70 
14.32 

1.499 

46.05 
17.73 
14 .34  

1.501 
0.17 

0.428 
0.120 

12.5 

4 7 . 1  
28 .1  

- a /  

- b l  TOCal c a t c h  r e f e r s  t o  a l l  t h e  p a r t i c u l a t e  and l ead  caught  i n  t h e  p a r t i a l  c a t c h  p l u s  the  

P a r t i a l  c a t c h  r e f e r s  t o  t h e  p a r c i c u l a t e  and l e a d  caught  i n  t h e  probe t i p ,  p robe ,  
cyc lone  and f i l t e r .  

imp inge r s .  
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Table V I A  i s  t h e  same except i n  m e t r i c  u n i t s .  Since t h e  baghouse has  t h r e e  

s tacks ,  t h e  average concent ra t ions  shown a r e  c a l c u l a t e d  from weighted 

averages,  based on s t a c k  f lowra te ,  f o r  each run. 

c i e n c i e s  f o r  t h e  c o l l e c t i o n  system, humidifying chamber, t h e  excess a i r  

a d d i t i o n ,  l ime a d d i t i o n  and baghouse a r e  9&%. 

t h a t  most of t h e  l e a d  emit ted from t h e  baghouse was caught i n  t h e  f r o n t  

h a l f  of t h e  c o l l e c t i o n  t r a i n  ( i . e . ,  t h e  probe t i p ,  probe, cyclone and 

f i l t e r ) ,  and t h e r e f o r e  i s  composed of l a r g e r  p a r t i c l e s .  The p a r t i c l e s  

caught i n  t h e  impingers (which a r e  loca ted  a f t e r  t h e  f i l t e r )  a r e  smaller  

than 0.3 ?.I i n  diameter  and account f o r  only 0.04 l b h r  emission. 

The c o l l e c t i o n  e f f i -  

The d a t a  i n  Table V I  show 

The 

f i l t e r s  used capture  a l l  p a r t i c l e s  l a r g e r  than  0.3 p i n  diameter.  

Table V I 1  summarizes the  d a t a  by test .  Table VIIA p r e s e n t s  the  

d a t a  i n  m e t r i c  u n i t s .  For Test 3, t h e  f i r s t  test  on t h e  b l a s t  furnace and 

p o l l u t i o n  c o n t r o l  system, t h e  e f f i c i e n c y  of t h e  c o l l e c t i o n  system w a s  98.5- 

99.2%. I n  Test 4, t h e  second test on t h e  b l a s t  furnace and i t s  p o l l u t i o n  

c o n t r o l  system, t h e  e f f i c i e n c y  of the  c o l l e c t i o n  system var ied  from 99 t o  

99.6%. In  Test 7, t h e  t h i r d  and f i n a l  test on the  b l a s t  furnace and i t s  

p o l l u t i o n  c o n t r o l  system, t h e  c o l l e c t i o n  e f f i c i e n c y  var ied  from 95.4 t o  

98.9%. During t h e  f i r s t  and second emission tests on t h e  b l a s t  furnace and 

c o n t r o l  system, the  bagshaking was done on a very i r r e g u l a r  schedule.  
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L i t t l e  o r  no automatic bagshaking occurred during the period when samples 

were being col lected.  While Test 7 ( the  l a s t  t e s t )  was being conducted, 

the bags were manually shaken several times in addition t o  the so-called 

automatic shaking. This tes t  shows the lowest col lect ion eff ic iency for  

the baghouse and the highest lead and par t icu la te  emissions. 

bags cleans them and allows the f ine  material t o  pass through, rather than 

Shaking the 

col lect ing on a par t icu la te  f i lm covering the surface of the bag. 

highest v i s ib l e  emissions occur during bagshaking. 

The 

Table VI11 shows the pounds of par t icu la te  per ton of f e e d . t o  the  

b l a s t  furnace, and Table VIIIA has the same information i n  me t r i c ,un i t s .  

The average emission r a t e  f o r  the uncontrolled par t icu la te  i s  68 lb/ton of 

feed and for  the par t icu la te  from the control system 0.959 lb/ton of feed. 

Table I X  h a s  the par t icu la te  emission data i n  pounds per ton of 

lead produced and Table I X A  i n  metric units.  

emission r a t e  i s  174 lb/ton of lead, and the average controlled emission 

rate  is 2.47 l b / t o n  of lead. 

The average uncontrolled 

Table X presents the emission f ac to r s  f o r  pounds of lead from the 

b l a s t  furnace per ton of feed t o  the furnace, and Table XA presents the 

data in metric uni ts .  

l b  o f  lead per t o n  o f  feed, and  the average controlled emission rate is 

0.405 l b / t o n  of feed. 

The average uncontrolled emission rate is 20.8 
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Table XI presents the lead emission r a t e  f o r  tor; o f  lead produced 

by the b l a s t  furnace, and Table X I A  presents the data i n  metric uni ts .  

average uncontrolled emission r a t e  i s  23.0 l b  of lead oer ton of lead pro- 

duced, and the average controlled emission rate i s  0.450 lb. of lead per 

ton of lead produced. 

The 

Table XI1 presents a summary o f  results from the emission t e s t s  

on the duct from t h e  b l a s t  furnace ( 7 - f t  diameter) t o  the contrcl  system. 

Table XIIA presents the same information i n  metric uni t s .  

i n  the par t icu la te  catch i s :  

catch - average 12.5%. 

The percent lead 

f ron t  half of t r a i n  - average 12.7%; to t a l  

The par t icu la te  emissions i n  the to t a l  catch from sample location 
"D" 

2,690 lb /hr ,  and 144 lb/ton t o  194 lb/ton. 

catch varied from 193 l b / h r  t o  424 lb /h r ,  and from 14.0 lb/ton t o  30.5 

1 b/ton. 

( i n l e t  duc t  t o  b las t  furnace control system) varied from 1,990 lb/hr t o  

The lead emissions in  the to t a l  

Table XI11 presents t h e  summary o f  results from the three t e s t s  

r u n  on the baghouse exhaust  stack E (Figure 2 ) .  

data i n  metrSc uni ts .  

half of t r a i n  - average 28.3%; to t a l  catch - average 15.0%. 

l a t e  emissions i n  the to t a l  catch varied from 12.2 lb/hr  t o  21.2 lb/hr and 

0.884 lb/ ton t o  1.54 lb/ton. The lead  emissions in  the to t a l  catch ranged  

from 1.15 l b / h r  t o  3.70 lb /hr  and 0.0833 lb/ ton t o  0.268 lb/ ton.  

Table XIIIA presents the 

The percent lead in the par t icu la te  catch i s :  f ront  

The  particu- 
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Table X I V  conta ins  t h e  summary of r e s u l t s  f o r  t h e  emission tests 

from t h e  baghouse exhaust s t a c k  F (F igure  2 ) .  

i n  met r ic  u n i t s .  

f r o n t  h a l f  of t r a i n  31.4%; t o t a l  c a t c h  - 15.1%. The p a r t i c u l a t e  emissions 

i n  t h e  t o t a l  ca tch  ranged from 7.62 l b / h r  t o  8.65 l b / h r  and from 0.509 l b / t o n  

to 0.627 lb / ton .  

l b / h r  t o  1.92 l b / h r  and 0.0417 l b / t o n  t o  0.139 lb / ton .  

Table X I V A  p r e s e n t s  t h e  d a t a  

The average percent  l e a d  i n  t h e  p a r t i c u l a t e  ca tch  is:  

The lead emissions in t h e  t o t a l  catch ranged from 0.580 

Table XV conta ins  t h e  sunrmary of r e s u l t s  frcm t h e  baghouse ex- 

haus t  s t a c k  G (Figure 2 ) .  I n  Table XVA the d a t a  a r e  presented i n  m e t r i c  

u n i t s .  The average percent  lead i n  t h e  p a r t i c u l a t e  ca tch  from t h e  f r o n t  

h a l f  of t h e  t r a i n  i s  37.0%. The average p e r c e n t  lead i n  t h e  p a r t i c u l a t e  

catch from t h e  complete t r a i n  i s  20.0%. The p a r t i c u l a t e  emissions i n  t h e  

t o t a l  ca tch  ranged from 4.99 l b / h r  t o  11.8 l b / h r  and from 0.362 l b / t o n  t o  

0.855 lb / ton .  

t o  3.31 l b / h r  and from 0.0283 l b / t o n  t o  0.240 l b / t o n .  

The lead  emissions i n  t h e  t o t a l  c a t c h  ranged from 0.390 l b / h r  

Figures  3, 4 ,  5 and 6 and Tables  X V I ,  X V I I  and XVIII refer t o  t h e  

Andersen p a r t i c l e  s ize  test program conducted a t  t h e  b l a s t  furnace and bag- 

house exhaust s t a c k  F. The Andersen tes ts  were conducted a t  p o i n t  3, po r t  

3 of t h i s  s t a c k  ( see  F igure  14, p. 80). There were t h r e e  p a r t i c l e  s i z e  

tests; Test F3A l a s t e d  60 min, Test F4A 120 min, and Test  F7A 92 min. 

- 

-- - 

The Andersen sampler was used wi th  a backup f i l t e r  t o  capture  

p a r t i c l e s  no t  c o l l e c t e d  on t h e  p l a t e s .  

f i l t e r  n e t  weight,  a r e  l i s t e d  i n  Table XVII a s  "without f i l ter ." The re- 

s u l t s  which inc lude  t h e  f i l t e r  n e t  weight a r e  l i s t e d  a s  "with f i l t e r . "  

The r e s u l t s ,  no t  including t h e  
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Figure 3 - Particulate Without F i l t e r  
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Figure 4 - Particulate  With F i l t e r  
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Figure  6 - Lead With Fi l ter  
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Pla te  No. 

F3A 0 
1 
2 
3 
4 
5 
6 
7 
8 

Sub t o t a  1 
F i l t e r  
To ta l  

F4A 0 
1 
2 
3 
4 
5 
6 
7 
8 

S u b t o t a l  
F i l t e r  

T o t a l  

F7A 0 
1 
2 
3 
4 
5 
6 
7 
8 

S u b t o t a l  
F i l t e r  

To ta l  

TABLE XVI 

PERCENT LEAD I N  PARTICUTE FOR AN’DERSEN TEST 

U t .  P a r t .  Ut. Lead 
0 
0.00206 
0.00276 
0.00446 
0.00557 
0.00617 
0.00904 
0.0046 1 
0.00248 
0.00207 
0.03922 
0.02370 
0.06292 

0.00105 
0.00084 
0.00110 
0.00142 
0.00057 
0.00045 
0.00035 
0.00010 
0.0 
0.00588 
0.01450 
0.02038 

0.01376 
0.02441 
0.04042 
0.03737 
0.01261 
0.00510 
0.00402 
0.00211 
0.00116 
0.14096 
0.10490 
0.24586 
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0 
0.3515 
0.6765 
0.8265 
1.2765 
1.8265 
3.3265 
2.6015 
1.3415 
0.4365 

12.6635 
3.3973 

16.0608 

0.4915 
0.3640 
0.7615 
1.0415 
0.3815 
0.3215 
0.3915 
0.2515 
0.0 
4.0045 
1.3823 
5.3868 

7.3265 
13.3515 
21.9765 
21.2265 

6.5265 
2.9265 
2.1265 
1.3265 
0.4915 

77.2785 
25.4723 

102.7508 

% Lead 

17 .1  
24.5 
18.5 
22.9 
29.6 
36.8 
56.4 
54.1 
21 .1  
32.3 
14.3 
25.5 
- 

46.8 
43.3 

6.9 
73.3 
66.9 
71.4 

112.0 
25.2 
0.0 

68.1 
9.5 

26.4 

53.0 
54.7 
54.4 
56.8 
51.8 
57.3 
52.9 
62.9 
42.4 
54.8 
24.3 
43.7 

- 
..__ --. 

- 



1.: 

I. 
0 

1: 

I .  

1 i 

. 

4 8 



> 
U 
U 
S 
E 
3 
yl 

YI 

m 
> 
J a 
z 
U 

z 
Y 
vi 
d 
Y 
0 z 
a 

- 

I T  
O W  

0 -  
o m  
n m  -- 
0 0  .. 
I, I, 
+ e  .= 
Q 
Y d  
I -a 
JI- 
- C  
LI- 

L 
k 
U 

0 rw 
D 
0 
C 

0 II 

2- 

T O  
U 
VI 

5 ,  
n a  

0 0  
O I  
0 -  . .  
I, I, 
> U  
I - .  
-L 
ViL  
Z Y  
Y .  
o n  
I 

17 
a- 
0 0  
L N  
t 
0 

a 
Y 

L 
3 
I 

w z c  
3- 

m 

a n  

I- cz 
I Y D - m  0 n - 0'- 0 
o u  C I C I Q N D ~ ~ L C O  

Y Y  L I I I Y I C N N -  
~n 

. . . . . . . . .  

.. 



50 



1 
I 
4 
I. 
t 
1 

I 
f I 

f 
i 
t 
I 

I 
f .. 

I 

? 
i. 

a 

0 
1 

a 

1 

0 0.3515 
1 0.6765 
2 0.8265 
3 1.2765 
4 1.8265 
5 . 3.3265 
6 2.6015 
7 1.3415 
8 0.4365 

F i l t e r  3.3973 

Run F4A 

0 0.4915 
1 0.3640 
2 0.7615 
3 1.0415 
4 0.3815 
5 0.3215 
6 0.3915 
7 0.2515 
8 0.0755 

F i l t e r  1.3823 

0 7.3265 
1 13.3515 
2 21.9765 
3 21.2265 
4 6.5265 
5 2.9265 
6 2.1265 
7 1.3265 
8 0.4915 

Fi I t e r  25.47 23 

8" P a r t i c  

0.00206 
0.00276 
0.00446 
0.00557 
0.00617 
0.00904 
0.00461 
0.00248 
0.00207 

0.0237 

0.00105 
0.00084 
0.00110 
0.00142 
0.00057 
0.00045 
0.00035 
0.00010 

0 

0.0145 

0.01376 
0.02441 
0.04042 
0.03737 
0.01261 
0. 00510 
0.00402 
0.00211 
0.00116 

0.1049 

TAUIE X V l I l  

ANDERSEN ANALYSIS SLWNARY (LEADL 

mp. PhIRm P a r t i c  

17 1 
245 
185 
229 
296 
368 
564 
5 4 1  
211 

143 

468 
433 
692 
733 
669 

1,119 
2,515 

7 i 4  

_- 
95.3 

532 
547 
544 
568 
518 
574 
529 
689 
424 

243 

Pb wi thou t  F i l t e r  
Weight Cum Weight 

0.1 - .  

2.8 
5 . 3  
6.5 

10.1 
14.4 
26.3 
20.5 
10 .6  

3 .5  

12.0 
8.9 

18.7 
25.5 
9 .3  
7.9 
9.6 
6 .2  
1.9 

9.5 
17.3 
28.4 
27.5 

8 . 4  
3.8 
2 .8  
1.7 
0.6 

51 

(% ) 

2.8 
8.1 

14.6 
24.7 
39.1 
65 .4  
85.9 
96 .5  

100.0 

12 .0  
20 .9  
39 .6  
65 .1  
74 .4  
82 .3  
91.9 
98.1 

100 .0  

9 . 5  
26.8 
5 5 . 2  
82.7 
91 .1  
94 .9  
97 .7  
99 .4  

100.0 

Pb w i t h  Filter 
Weight Cum. Weighr 

2.2 
4 . 2  
5 .1  
7 .9  

11 .4  
20.7 
16.2 

8 . 3  
2.7 

21.3 

9.0 
6.7 

13.9 
19.1 

7.0 
5.9 
7.2 
4.6 
1 .3  

25.3 

7 . 1  
13.0 
21.4 
20.6 

6 .4  
2.8 
2 .1  
1.3 
0 . 5  

24.8 

(% ) 

2 .2  
6.4 

11 .5  
19 .4 -  
30 .8  
51 .5  
67.7 
76.0 
78.7 

100.0 

9 .0  
15.7 
29.6 
48.7 
55.7 
61.6 
68 .8  
73 .4  
74.7 

100.0 

7 .1  
20.1 
41 .5  
62.1 
68.5 
71.3 
73.4 
74.7 
75.2 

100.0 

P a r t  i c l  P 
D i a n e t r r  

( I t )  

10.99 
6.86 
4.65 
3.16 
2.03 
1.01 
0.62 
0.42 

11.54 
7.20 
4 .88  
3.32 
2.13 
1.06 
0.65 
0.44 

9.52 
5.94 
4 .02  
2.73 
1 .75  
0.86 
0.53 
0.35 



Figures  3, 4 and 5 a r e  p l o t s  of  t h e  d a t a  i n  Table XVII using t h e  

cumulative weight percent  a s  the  "weight % g r e a t e r  than s t a t e d  size" and 

using the  p a r t i c l e  diameter  i n  microns c a l c u l a t e d  from MRI's Andersen com- 

L I  puter  program, a development of t h e  Ranz and Wong equation.- 

Figure 3 shows t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of the  p a r t i c l e s  

caught i n  the  Andersen ana lyzer  f o r  a l l  t h r e e  tests. I n  T e s t  F3A, 94.5% 

of  the  p a r t i c l e s  a r e  l a r g e r  than 0.62 p, and 12% a r e  l a r g e r  than 11 p. 

Test F4A shows t h a t  98.3% of t h e  p a r t i c u l a t e s  a r e  l a r g e r  than 1.1 p, and 

32% a r e  l a r g e r  than  11.5 p. The r e s u l t s  of  Test F7A show t h a t  99.2% a r e  

l a r g e r  than 0.52 p, and t h a t  27% a r e  l a r g e r  than 9.6 p. 

Figure 4 presents  t h e  r e s u l t s  of the  p a r t i c u l a t e  s i z e  a n a l y s i s  

including the p a r t i c l e s  t h a t  passed through the  Andersen and were caught 

on the  f i l t e r .  I n  Test F3A, 62% of t h e  p a r t i c l e s  are l a r g e r  than 0.62 p, 

and 8% a r e  l a r g e r  than 11.1 p. The r e s u l t s  of T e s t  F4A show t h a t  30% of 

the  p a r t i c l e s  a r e  l a r g e r  than 0.66 p, and t h a t  9.5% of the  p a r t i c l e s  a r e  

l a r g e r  than 11.15 p. 

than 0.35 p, and 16% a r e  l a r g e r  than 9.6 p. 

Test F7A shows t h a t  58% of  t h e  p a r t i c l e s  are l a r g e r  

The p a r t i c l e  s i z e  a n a l y s i s  of t h e  p a r t i c u l a t e  emissions shows 

t h a t  more than  65% of the  m a t e r i a l  emi t ted  i s  smaller  than 3.5 p, and about 

h a l f  of t h e  p a r t i c u l a t e  emission i s  smal le r  than  1 p. 

- 1/ Ranz, W. E., and J. B. Wong, " Je t  Impactors f o r  Determining t h e  Par- 
title Size D i s t r i b u t i o n  of Aerosols," I n d u s t r i a l  Hygiene and Occupa- 
t i o n a l  Medicine, Vol. 5, pp. 464-477 (1952). 
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The d a t a  f o r  the  Andersen p a r t i c l e  s i z e  t e s t s  a r e  presented i n  

two ways. 

the  Andersen p l a t e s .  

0.6 p t o  11 p. 

The f i r s t  p r e s e n t a t i o n  i s  f o r  t h e  p a r t i c l e s  which a r e  caught on 

This g i v e s  a p a r t i c l e  s i z e  d i s t r i b u t i o n  from about 

The d a t a  inc luding  f i l t e r  a r e  presented t o  spread t h e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  from 0.3 p t o  11 p. The purpose of the  f i l t e r  i s  t o  

catch small  p a r t i c l e s  which pass  through the Andersen without being captured. 

Figure 5 shows the  p l o t  a s  a r e s u l t  of the  a n a l y s i s  f o r  lead of 

the p a r t i c u l a t e  ca tch  during t h e  Andersen t e s t .  This does not  inc lude  the  

material caught on the  f i l t e r .  The f i g u r e  shows t h a t  on t h e  average 96.0% 

of t h e  lead w a s  l a r g e r  than 0.7 p, and t h a t  h a l f  of the lead was found i n  

p a r t i c l e s  l a r g e r  than  5 p. 

Figure 6 presents  t h e  lead d a t a  f o r  the  same t h r e e  runs but  i n -  

c ludes the  lead caught on the  f i l t e r .  About 24% of the  lead was smal le r  

than 0.4 p, and 80% of t h e  lead  was smaller than  9.0 p. 

Table XVI p r e s e n t s  t h e  percent  lead i n  the  p a r t i c u l a t e  on each 

s t age  of  t h e  Andersen p a r t i c l e  s i z e  ana lyzer  a s  well as on t h e  f i l t e r  f o r  

each of t h e  th ree  t e s t s .  %e percent  l e a d  i n  the  t o t a l  ca tch  v a r i e d  from 

25.5 t o  43.7% with Test F7A having the h i g h e s t  percentage lead .  The d i f -  

ference i n  method and frequency of bagshaking between t h e  f i r s t  two tests 

when t h e  bags were shaken very i n f r e q u e n t l y  and Test 7 (D, E,  F, G and FA) 

when t h e  bags were shaken manually every 25 min expla ins  t h e  h igher  p a r t i c -  

u l a t e  and lead  y i e l d  f o r  T e s t  7 .  The same reasoning might e x p l a i n  the  

h igher  percentage lead i n  t h e  t o t a l  Andersen catch.  
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Table X V I I I  i s  a summary of t h e  a n a l y t i c a l  d a t a  f o r  lead  on the 

p a r t i c u l a t e  ca tch ;  i n  the  Andersen tests the f i l t e r  weights a r e  included.  

I V .  PROCESS DESCRIPTION AND OPERATION 

A. Process Flow- 11 

The ASARCO smelter a t  Glover i s  a custom smelter i n  t h a t  a l l  ore 

i s  purchased from o t h e r  companies. It has  a d e s i g n  capac i ty  of 90,000 tons 

of lead per year  and s t a r t e d  production i n  1968. The average i n l e t  concen- 

t r a t e  a n a l y s i s  i s  70-75% lead ,  2-1/2% z inc ,  and 1% copper. Figure 7 i s  

the  Glover p l a n t  flow shee t .  The p l a n t  i s  f u r t h e r  descr ibed i n  the  follow- 

ing paragraphs. 

1. S i n t e r  machine: ASARCO's p l a n t  a t  Glover has a h ighly  auto-  

mated updraf t  s i n t e r  machine designed t o  handle  more than  1,500 tons of 

mater ia l  per  day. Figure 8 i s  a photograph showing t h e  s i n t e r  machine, mixing 

drum, feed conveyors and u p d r a f t  fans.  A lead  charge which is  s i zed ,  mixed, 

p e l l e t i z e d ,  and moistened, i s  fed  t o  t h e  s i n t e r  machine where s u l f u r  i s  

e l imina ted  and t h e  heat  of  t h e  oxid iz ing  r e a c t i o n s  converts  the  charge t o  

a fused c e l l u l a r  cake, known a s  s i n t e r .  The b a s i c  chemical r e a c t i o n s  a r e  

a s  follows: 

11 The following process  d e s c r i p t i o n  i s  based on information obtained from 
p l a n t  personnel ,  B u l l e t i n  No. X-18, publ ished by ASARCO, AIME World 
Symposium on Mining  and Meta l lu rgy  of Lead and Zinc,  Donald 0. Rauski 
and B u r t  C. Auacher, Eds. M, New York (1970); and Lead--Progress 
and Prognosis:  The S t a t e  of t h e  A r t :  Lead Recovery, A. Worcester and 
D. H. B e i l s t e i n ,  TMS, A X ,  New York, P a p e r  No. A71-87. 
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Sinter Plant 

Figure 8 
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PbS + 1-1/2 02- PbO + SO2 
2Pb0 + PbS -3Pb + SO2 

Charge m a t e r i a l s  t o  t h e ' s i n t e r  machine inc lude  lead concent ra tes ,  

r e t u r n  s i n t e r ,  b l a s t  furnace s l a g ,  and "p lan t  clean-up" m a t e r i a l s .  The lead 

concent ra te  i s  conveyed from a s t o r a g e  b i n  through a Pennsylvania Impactor 

where s i x  hammers break t h e  m a t e r i a l  i n t o  smal le r  p ieces .  Return s i n t e r ,  

which c o n s i s t s  of f i n e s  r e j e c t e d  from t h e  f i n a l  product of t h e  s i n t e r  

machine, i s  added t o  t h e  su l fur -conta in ing  l e a d  concentrates  t o  d i l u t e  t h e  

t o t a l  s u l f u r  content  down t o  a l e v e l  t h a t  can be handled by t h e  machine 

(5-6%). 

and then onto an enclosed conveyor which takes  i t  through two crushers  

(corrugated r o l l s  and smooth r o l l s )  and f i n a l l y  t o  a s t o r a g e  bin.  

Return s i n t e r  passes  through a cool ing drum where it i s  quenched 

S l a g  from t h e  b l a s t  furnace which conta ins  a minimum of 3% lead  t r a v e l s  by 

conveyors t o  t h e  s i n t e r  p l an t .  S p i l l a g e  from t h e  s i n t e r  machine, s i n t e r  

breaker ,  spiked r o l l s  and windbox cleanings 

veyors and, t o g e t h e r w i t h  f l o o r  clean-up and baghouse d u s t ,  a r e  conveyed t o  

a s t o r a g e  b i n  and then  through t h e  Pennsylvania Impactor. The concent ra te ,  

r e t u r n  s i n t e r ,  s l ag ,  and p l a n t  clean-up a r e  fed through two 3.05-m by 9.5-m 

mixing drums where t h e  feed i s  moistened and condi t ioned.  

i s  picked up by two apion con- 

The feed i s  conveyed t o  a s p l i t t e r  chute  where i t  i s  divided i n t o  

a n  i g n i t i o n  l a y e r  and a main feed layer .  A b a f f l e  d i v e r t s  p a r t  

i n t o  t h e  hopper 

t h e  major i ty  of 

f o r  t h e  i g n i t i o n  l aye r ,  and when t h a t  demand is  

t h e  feed passes  i n t o  t h e  main feed hopper. The 
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l a y e r  passes  through a v i b r a t i n g  g r i z z l y  which r e j e c t s  oversized m a t e r i a l  

and r e t u r n s  it t o  t h e  main feed  hopper. The i g n i t i o n  feed i s  d i s t r i b u t e d  

evenly across  t h e  width of the  machine by s h u t t l e  conveyors operated by a 

hydraul ic  system and then  passes  through a g a s - f i r e d  i g n i t i o n  muffle which 

i s  over a downdraft windbox. The main feed  l a y e r  i s  next  placed on top of 

t h e  i g n i t i o n  l aye r  and t h e  e n t i r e  bed flows through t h e  updraf t  s e c t i o n  of 

the  machine, which is  29 m i n  length  and c o n s i s t s  of 1 2  windboxes each 

2.44 m long. I n  t h e  updraf t  s e c t i o n  of t h e  machine, t h e  a i r f l o w  i s  reversed 

so t h a t  t h e  h e a t  from t h e  i g n i t i o n  l aye r  flows upward t o  i g n i t e  t h e  main 

feed layer .  The m a t e r i a l  burns a s  i t  t r a v e l s  t h e  length  of t h e  machine. 

The m a t e r i a l  is  cooled a s  i t  reaches t h e  end of t h e  machine "so t h a t  t h e  

cake w i l l  not  c o l l a p s e  nor  w i l l  m e t a l l i c  lead  run out  of t h e  s i n t e r  t o  

b l i n d  t h e  p a l l e t  g r a t e  bars" (Rauski and Mauacher, p.  78). The s i n t e r  

passes  i n t o  t h e  s i n t e r  breaker  and then t o  a spiked r o l l ,  where t h e  mater ia l  

is pulver ized.  S p i l l a g e  from t h e s e  p u l v e r i z e r s  is passed onto  t h e  clean-up 

conveyors a s  p a r t  of t h e  p l a n t  clean-up t h a t  is  l a t e r  recharged t o  t h e  s i n -  

t e r  machine. A pan conveyor t r a n s f e r s  the  hot  s i n t e r  from t h e  spiked r o l l  

t o  the  Ross C l a s s i f y i n g  Rolls .  The c o a r s e r  s i n t e r  i s  pushed by t h e  Ross 

Rol ls  i n t o  one of  two s i n t e r  b i n s  which feed t h e  furnace.  A swivel v i b r a t o r  

d i v e r t s  the  s i n t e r  i n t o  one of t h e  two b i n s  according t o  t h e  l e v e l  of  m a t e r i a l  

w i t h i n  each. The f i n e  s i n t e r  f a l l s  through t h e  Ross Rol ls  i n t o  a s t o r a g e  

b i n  and then  passes  through the  cool ing drum a s  r e t u r n  s i n t e r  t o  t h e  s i n t e r  

machine. 
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Two small  baghouses w i t h i n  t h e  s i n t e r  p l a n t  handle v e n t i l a t i o n  

a i r  from t h e  conveyors and crushers  f o r  t h e  r e t u r n  s i n t e r .  The m a t e r i a l  

c o l l e c t e d  by t h e  baghouses i s  added d i r e c t l y  t o  the  b e l t  car ry ing  t h e  s i n t e r  

feed. I n  a d d i t i o n ,  a wet scrubber  system i s  planned f o r  i n - p l a n t  v e n t i l a -  

t ion .  

A i r  from the  s i n t e r  machine passes  through a main duct  t o  t h e  

water spray chamber and then  i n t o  the  s i n t e r  p l a n t  baghouse. 

a i r  from t h e  s i n t e r  breaker ,  t h e  spiked r o l l ,  the  pan conveyor which 

V e n t i l a t i o n  

c a r r i q s  the  

the  cool ing 

chamber and 

C l a s s i f y i n g  

product s i n t e r  t o  t h e  Ross Rol l s ,  two clean-up conveyors, and 

drum, passes  through a second, a u x i l i a r y  duct t o  t h e  water  spray 

i n t o  the s i n t e r  p lan t  baghouse. V e n t i l a t i o n  a i r  from t h e  Ross 

Rolls  and swivel v i b r a t o r  ( t r a n s f e r  of  s i n t e r  t o  s t o r a g e  b in )  i s  

cleaned by the  b l a s t  furnace c o n t r o l  system. 

2. B l a s t  furnace: ASARCO has an A u s t r a l i a n  s t e p  j a c k e t  des ign  

b l a s t  furnace,  w i t h  a nominal c a p a c i t y  of  300 tons  of  lead b o u l l i o n  p e r  

day. The furnace 

and 3.0 m wide a t  

of a i r  per  minute 

between t h e  lower 

proper is  7.6 rn long, 1.5 m wide a t  t h e  lower tuyeres  

the  upper tuyeres .  A blower can provide up t o  510 cu m 

a t  0.26 kg/sq cm t o  t h e  furnace.  

and upper tuyeres  by a propor t ion ing  c o n t r o l l e r .  The 

This a i r  i s  d i s t r i b u t e d  

lower s e c t i o n  of t h e  furnace,  where t h e  tuyeres  a r e  loca ted ,  is  tapered  (see 

Figure 9) .  The top  of t h e  furnace,  where charging takes  p lace  and e f f l u e n t  

gases a r e  ducted t o  t h e  c o n t r o l  system, i s  of a t y p i c a l  thimble top design. 
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A l a rge  b u i l d i n g  a t  ASARCO houses a l l  rece iv ing  and s t o r a g e  b ins  

f o r  the  s i n t e r  machine and b l a s t  furnace.  The charge m a t e r i a l s  f o r  the  

furnace,  c o n s i s t i n g  of  coarse  s i n t e r ,  i ron ,  coke, c a u s t i c  skims, e t c . ,  a r e  

s t o r e d  i n  a row of b ins .  

they pass through feed hoppers i n t o  a charge ca r .  

t ioned on a t r a n s f e r  ca r  and moved along a t r a c k  which runs pas t  t h e  row 

of  feed hoppers t o  the  s i d e  of t h e  furnace.  

l i f t s  t h e  charge c a r  from the t r a n s f e r  c a r  and e l e v a t e s  i t  t o  the  top  of 

t h e  furnace where t h e  conten ts  a r e  dumped through the  bottom of  t h e  ca r .  

According t o  t h e  management, t h e  charge t o  t h e  furnace was a cons tan t  mix- 

t u r e  of feed m a t e r i a l s  during t h e  course of t h e  test program. 

usua l ly  t a k e s  p lace  17-18 t imes per  s h i f t .  

The charge m a t e r i a l s  a r e  au tomat ica l ly  weighed a s  

The charge c a r  is  posi-  

An automated gant ry  crane 

Charging 

A Roy tapper  i s  s i t u a t e d  a t  t h e  f r o n t  of the furnace,  where a 

continuous s t ream of molten m a t e r i a l  flows from a 5 - f t  long s l i t  i n  the  

furnace i n t o  a box-shaped s e t t l e r .  

t h e  lead s e t t l e s  t o  t h e  bottom and t h e  s l a g  accumulates a t  t h e  top. The 

lead i s  tapped cont inuously i n t o  20 T l ad le s .  The s l a g  i s  tapped continu- 

ously i n t o  a s l a g  g r a n u l a t o r  where two je t s  o f  water  break t h e  s l a g  i n t o  

small  granules  of m a t e r i a l .  

underground t o  an e l e v a t o r .  

o f  wooden s i l o s  f o r  dewatering. 

lead conten t  (3.2 Pb - June) i s  t r a n s f e r r e d  by conveyor t o  t h e  s i n t e r  

machine and t h e  s l a g  w i t h  a low lead content  i s  t r a n s p o r t e d  by t r u c k  t o  a 

A s  t h e  m a t e r i a l  cools  I n  t h e  s e t t l e r ,  

The water  f o r c e s  t h e  s l a g  from t h e  granula tor  

The e l e v a t o r  t r a n s p o r t s  the  s l a g  up t o  a p a i r  

From t h e r e  t h e  s l a g  w i t h  a r e l a t i v e l y  high 
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dumping a rea .  A second s l a g  t a p  is  o c c a s i o n a l l y  used, i f  a customer s p e c i f i e s  

a need. The second s l a g  tap ,  s i m i l a r l y  t o  t h e  lead  t ap ,  c o n s i s t s  of a 

continuous flow of  m a t e r i a l  d i r e c t l y  from t h e  s e t t l e r  i n t o  l a rge  l a d l e s  t o  

form s o l i d  s l a g  blocks.  V e n t i l a t i o n  gases  from t h e  f r o n t  of the  furnace,  

inc luding  the  Roy tapper ,  t h e  two s l a g  t a p s ,  and the  lead tap ,  a r e  handled 

by one fan ,  and pass  through t h e  b l a s t  furnace  water  spray chamber and 

baghouse. V e n t i l a t i o n  a i r  from t h e  s l a g  g r a n u l a t o r  i s  handled by a s e p a r a t e  

fan,  bu t  i s  a l s o  ducted through t h e  b l a s t  furnace c o n t r o l  system. 

Whena 20 T lead l a d l e  has been f i l l e d ,  t h e  lead t a p  is  plugged, 

t h e  hooding over  the  l a d l e  i s  l i f t e d ,  and t h e  l a d l e  i s  t r a n s f e r r e d  by a 

27-ton crane t o  one of two dross  k e t t l e s .  The lead l a d l e  i s  p a r t i a l l y  

covered by a l i d  t o  minimize fuming dur ing  tapping,  during t r a n s f e r  of t h e  

lead l a d l e  t o  t h e  dross  k e t t l e ,  and during pouring of t h e  molten lead i n t o  

t h e  dross  k e t t l e .  

A dome-shaped hood i s  used t o  cover the  dross  k e t t l e s  f o r  v e n t i l a -  

t i o n  only dur ing  pouring of t h e  molten l e a d  i n t o  the  dross  k e t t l e s .  This 

v e n t i l a t i o n  a i r  passes  through t h e  b l a s t  furnace c o n t r o l  system. 

There a r e  two dross  k e t t l e s ,  one w i t h  a capac i ty  of  300 tons and 

t h e  o t h e r  w i t h  a capac i ty  of 250 tons.  The lead i s  poured i n t o  one of two 

k e t t l e s  which i s  maintained a t  54OOC. The copper s o l i d i f i e s  and f l o a t s  t o  

t h e  top where it is drossed o f f .  The lead  which remains is t r a n s f e r r e d  t o  

a second dross  k e t t l e  which is maintained a t  a temperature of approximately 

425°C. The copper dross  from t h e  second k e t t l e  and some drosses  from t h e  
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r e f i n e r y  a r e  t r a n s f e r r e d  back t o  t h e  f i r s t  k e t t l e  t o  reclaim lead  t h a t  may 

b e  mixed i n  t h e  copper dross .  In s e v e r a l  of t h e  lead smel te rs ,  t h e  copper 

dross  i s  t r e a t e d  i n  a reverbera tory  furnace  t o  make copper matte,  bu t  a t  

ASARCO i n  Glover t h e  copper dross  i s  t r a n s f e r r e d  by r a i l  t o  a s e p a r a t e  

f a c i l i t y  f o r  t rea tment .  The lead from t h e  dross  k e t t l e s  i s  t r a n s f e r r e d  by 

crane t o  t h e  r e f i n e r y .  

3. Refinery system: Figure 10 i s  an a e r i a l  photo of  t h e  smel te r  

which shows t h e  baghouses and the  exhaust s t a c k s  a s  w e l l  a s  t h e  genera l  

o u t l i n e  of t h e  b u i l d i n g s ,  along w i t h  t h e  humidifying chambers. The 

humidif iers  and baghouses a r e  t h e  c o n t r o l  systems. ASARCO opera tes  a 

r e f i n e r y a t  t h e  Glover p l a n t  which removes i m p u r i t i e s  from the  lead b u l l i o n  

and c a s t s  t h e  metal  i n t o  100-lb pigs or 1- ton  blocks f o r  shipment. The 

r e f i n e r y  was surveyed during t h e  course of  the  t e s t i n g ,  bu t  no emission 

t e s t s  were conducted a t  t h i s  f a c i l i t y .  

The lead concent ra te  a t  t h e  Glover p l a n t  conta ins  a high percentage 

of lead and minimal i m p u r i t i e s  compared w i t h  t h e  two o t h e r  ASARCO p lan t s .  

The lead b u l l i o n  passes  through a s e r i e s  of four k e t t l e s  f o r  decopperizing,  

d e s i l v e r i z i n g ,  and dezincing and then t o  a f i f t h  k e t t l e  f o r  r e f i n i n g  w i t h  

c a u s t i c  soda and sodium n i t r a t e  before  it i s  c a s t  i n t o  p igs  o r  blocks.  

No v i s i b l e  emissions were observed w i t h i n  t h e  p l an t .  None of t h e  

r e f i n e r y  k e t t l e s  a r e  vented t o  t h e  o u t s i d e .  The only two opera t ions  vented 

t o  t h e  o u t s i d e  a r e  combustion a i r  from h e a t i n g  of the k e t t l e s  and a i r  from 

t h e  baghouse used t o  c o l l e c t  z inc  produced i n  a z i n c - s i l v e r  s e p a r a t i n g  

r e t o r t .  
6 3  
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B. Control  Systems 

1. S i n t e r  machine water  spray  chamber and baghouse: Ef f luent  

gases  from t h e  s i n t e r  machine, two clean-up conveyors, s i n t e r  breaker,  

I n  t h e  s i n t e r  machine c o n t r o l  system f o r  t h e  purpose of  cool ing,  

an undetermined q u a n t i t y  of  a i r  is  introduced through a vent  located between 

the  water  spray  chamber and baghouse. 

c l o t h  a rea  129,000 sq f t )  has an i n l e t  gas r a t e  of  232,000 ACFM a t  204'F 

( a i r - t o - c l o t h  r a t i o  of  1:s or 2.0 ACF'M per sq f t  wi th  one compartment being 

c leaned) .  

610 it t a l l  concre te  s t a c k  of  20 f t  diameter.  

t u r e  monitors which i n  conjunct ion w i t h  a ground l e v e l  ambient a i r  SO2 

monitor, are used t o  r e g u l a t e  t h e  smelter product ion r a t e  based upon weather 

The n i n e  compartment baghouse ( t o t a l  

- - 
Gases from t h e  baghouse a r e  vented through a 12  in .  t h i c k ,  

The s t a c k  has four  tempera- 
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spiked r o l l ,  pan conveyor, and t h e  cool ing drum a r e  vented through a water  

spray chamber and a baghouse conta in ing  microtan s y n t h e t i c  bags which a r e  

r e s i s t a n t  t o  t h e  high temperature of t h e  s i n t e r i n g  machine exhaust.  

i n l e t  t o  t h e  water  spray chamber from t h e  s i n t e r  machine is 450"-5OO0C. 

The i n l e t  t o  t h e  water  spray chamber from t h e  discharge system i s  150°C. 

The s i n t e r  p l a n t  baghouse was designed by ASARCO and i s  an en- 

The 

closed concre te  s t r u c t u r e  of t h e  compartmented, pressure  type with a des ign  

e f f i c i e n c y  of 99.8%. The bags a r e  12-1 /2  i n .  diameter  by 20 f t  long w i t h  

204 per  compartment and t h e  bags had an average age of 9 months during our 

t e s t .  

bags. 

The baghouse is inspected d a i l y  t o  i n s u r e  proper maintenance of t h e  



condi t ions  t o  prevent  an excess ground level concent ra t ion  of  SO2. 

a sampling house on t h e  ductwork between t h e  baghouse and s t a c k  which has 

an "Askania" sampler. This  bag sampler c o l l e c t s  a continuous i s o k i n e t i c  

There i s  

sample st one p o i n t  f o r  a 3-4 day per iod a f t e r  which t h e  c o l l e c t e d  m a t e r i a l  

i s  weighed. 

The water  used i n  t h e  s p r a y  chamber i s  recycled continuously.  The 

baghouse d u s t  is burned t o  prevent  i g n i t i o n  and t o  compact t h e  dus t .  

t h e  water  spray chamber and t h e  baghouse a r e  c leaned out every 3 weeks, and 

t h e  c o l l e c t e d  m a t e r i a l  i s  recycled through t h e  s i n t e r  machine. 

from each of t h e s e  systems i s  analyzed f o r  lead  a t  t h i s  t i m e .  

Both 

A grab sample 

The baghouse compartments shake consecut ive ly  once t h e  pressure  

has reached a s p e c i f i e d  poin t .  Each compartment shakes f o r  approximately 

33 sec ;  a complete baghouse shake cont inues f o r  6 m i n  40 sec.  

From 1 January 1973 through 16  J u l y  1973 t h e  s i n t e r  machine 

water spray  chamber has c o l l e c t e d  on t h e  average 19 tons of p a r t i c u l a t e  

per  day (54.2% Pb) and the  s i n t e r  machine baghouse has c o l l e c t e d  on t h e  

average 33.5 tons  of  p a r t i c u l a t e  per  day (59.7% Pb). 

based on measurements made when the  c o n t r o l  system i s  cleaned (approximately 

every 3 weeks). 

These f i g u r e s  a r e  

2. B l a s t  furnace water  spray chamber and baghouse: E f f l u e n t  gases 

from t h e  b l a s t  furnace,  swivel v i b r a t o r  ( t r a n s f e r  of  s i n t e r  t o  s t o r a g e  b i n s ) ,  

Ross C l a s s i f y i n g  Rol l s ,  d ross  k e t t l e s ,  Roy Tapper, s l a g  g r a n u l a t o r ,  l ead  

tap ,  s l a g  t aps  and feed hopper drop p o i n t s  a r e  cooled i n  a water  spray 

chamber before  going t o  t h e  baghouse. 
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The b l a s t  furnace baghouse was designed by ASARCO and i s  a n  en- 

c losed concre te  s t r u c t u r e  of t h e  compartmented, pressure  type w i t h  a 

design e f f i c i e n c y  of 99.8%. 

which a r e  l e s s  f l a m a b l e  than s y n t h e t i c  bags. The bags a r e  12-112 i n .  

diameter by 20 f t  w i t h  204 i n  each of  s i x  compartments and t h e  average age 

of t h e  bags was 8.2 months. The baghouse i s  inspected d a i l y  t o  i n s u r e  

proper maintenance of t h e  bags.  The s i x  compartment baghouse ( t o t a l  c l o t h  

a rea  77,000 sq f t )  has an i n l e t  gas r a t e  of 131,000 ACFM a t  137°F ( a i r - to -  

c l o t h  r a t i o  of  1 .7  or 2.0 ACFM per  sq f t  w i t h  one compartment being 

cleaned) .  

each handling gases from two compartments. 

The b l a s t  furnace baghouse conta ins  wool bags 

I I' 

Gases from the  baghouse a r e  vented through t h r e e  5 8 - f t  s t acks ,  

An undetermined q u a n t i t y  of  a i r  i s  introduced through a vent  

between t h e  water  spray chamber and baghouse f o r  cool ing purposes. 

b l a s t  furnace c o n t r o l  system, lime i s  a l s o  added between the  wster spray 

chamber and t h e  baghouse t o  a i d  i n  c o l l e c t i o n  e f f i c i e n c y  and t o  r e t a r d  

i g n i t i o n  of c o l l e c t e d  dus t .  

In t h e  

The bags i n  each compartment a r e  mechanically v i b r a t e d  f o r  c leaning.  

A damper i s  closed t o  prevent flow while  v i b r a t i n g  and l e f t  c losed f o r  about 

20 sec  a f t e r  v i b r a t i o n  t o  a l low p a r t i c u l a t e  s e t t l i n g .  Compartments a r e  

cleaned on a r o t a t i o n  b a s i s  when t h e  pressure  drop across  t h e  baghouse 

exceeds 3 in .  of  water .  I f  c leaning  one compartment f a i l s  t o  lower t h e  

pressure  drop enough t o  s a t i s f y  t h e  present  va lue ,  the  next compartment i s  

cleaned,  During t h e  t e s t i n g  program, it was observed t h a t  two compartments 

were genera l ly  cleaned a t  one t i m e .  
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Tne collected dust from the blast furnace operation usually con- 

tains a high percentage of lead and appreciable quantities of cadmium and 

arsenic. From 1 January 1973 through 16 July 1973, the blast furnace water 

spray chamber has collected on &he average 10.8 tons of particulate per day 

(56.0% Pb), and the blast furnace baghouse has collected on the average 

30 tons of particulate per day (56.0% Pb). These figures are based on 

measurements made when the control system chambers are cleaned out (ap- 

proximately every 1-1/2 to 2 weeks). 

C. Sampling Conditions 

1. Sinter machine: An isokinetic sample could not be obtained 

with the EPA train at the outlet of the sinter machine baghouse. There is 

no port in the stack, and the breeching between the baghouse and the stack 

is not enough duct diameters long for isokinetic sampling. Outlet measure- 

ments are therefore based o n  results from the Askania sampler which is 

operated continuously by the plant. Three inlet tests were conducted up- 

stream from the water spray chamber, thus providing information on uncon- 

trolled emissions from the sinter machine and from auxiliary operations 

(crushers, conveyors, cooling drum, eec.) associated with the sinter machine. 

A particulate sizing test on the two inlet ducts was planned but was not 

completed due to sampling problems. The Askania sampler, which consists 

of a bag filter, collects an isokinetic sample from the single point of 

average velocity. 

was inserted in the sampler at 8:30 a.m. on 20 July and removed 23 July at 

4:OO p.m. 

For the purposes of this test, a pre-weighed clean bag 
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Historically the lead companies have installed the pollution con- 

trol equipment (water spray chamber and baghouse) as material recovery sys- 

tems, part of their production equipment. 

control, was the primary reason for the installation of the baghouse. 

order to more nearly complete their material balance calculations, which 

are made on a yearly basis, ASARCO decided that they should make an attempt 

to sample the outlet of the baghouse and analyze for lead. Realizing that 

the recognized isokinetic sampling equipment would not work, they set out 

to design a fixed sampler to approximate an isokinetic sampler. They in- 

stalled a couple of ports in the breeching and conducted a pitot temperature 

traverse to deternine the point of average velocity. Calculations deter- 

mined the orifice size and pumping rate for drawing a proportional sample 

from the breeching. The sample system consists of a fixed stainless ori- 

fice with a stainless heated delivery line to a heated chamber in which a 

bag filter (same material as the bags in the baghouse but much tighter 

weave) is installed to trap the samples, and a vacuum pump calibrated to 

deliver fixed volume of gas from the breeching. 

and gas flow are measured. At the end of a specified period,generally 

during a scheduled shutdown of the sinter machine, the bag is removed, 

weighed and placed on a pan in an oven for drying. 

and pan are removed and reweighed to obtain a sample weight. 

is then analyzed by ASARCO for lead content to determine lead losses to 

the atmosphere. 

Recovery of lead, not pollution 

In 

The temperature pressure 

After drying, the bag 

This sample 

II 
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During the first test, the sinter machine was off during 9 min 

at the beginning of the test. During four of those minutes a main feed 

hopper was being emptied. Emissions from the main feed hopper are venti- 

lated through the blast furnace control system, so that no operation ven- 

tilated to the sinter machine was functioning during the 9-min shutdown. 

The sinter machine duct was not sampled within k 10% of 100% isokinetic 

during the first run and was repeated at a later date; therefore, only the 

auxiliary duct measurement was affected by the sinter machine shutdown. 

2 .  Fugitive emissions: Occasionally, fugitive emissions within 

In the one-sided sinter machine building were observed to be fairly high. 

particular, the cooling drum at some times was a source of in-plant emis- 

sions. One scrubber has been installed by the plant in the sinter machine 

building as a trial unit to collect fugitive dusts for the purpose of indus- 

trial hygiene. 

dust. 

which would clog a baghouse, thus necessitating wet scrubber control. 

A complete scrubber system is planned to control in-plant 

The dust released by the cooling drum has a high moisture content 

3 .  Blast furnace: Measurements at the inlet and the outlet of 

the blast furnace control system were made simultaneously. 

was made upstream from the water spray chamber, and the outlet test was 

made on all three stacks simultaneously. A lime sample was collected at 

the point where lime is introduced into the gas stream between the water 

spray chamber and baghouse to ascertain the total particulate loading to 

the baghouse. 

The inlet test 

The lime sample was obtained by catching a sample from the 
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l i m e  feeder  f o r  1 min. 

cu la ted  on t h i s  da t a .  

t h e  o u t l e t ,  but  due t o  sampling problems at  t h e  i n l e t ,  only the o u t l e t  was 

t e s t e d  f o r  p a r t i c l e  s i z e .  

'Ihe sample was weighed and l i m e  a d d i t i o n  r a t e  c a l -  

P a r t i c l e  s i z i n g  was planned on both the i n l e t  and 

Dynamiting of the  b l a s t  furnace was a common occurrence during 

t h e  course of t e s t i n g .  

s i b i l i t y  of a furnace blow, when emissions would seemingly be h ighes t .  

The purpose of dynamiting i s  t o  decrease  t h e  pos- 

A - 

. .  . .  . ,  .. . . . . . . . . 

7 1  

blow occurs when t h e  m a t e r i a l  which has  b u i l t  up on the  s i d e s  of  the  f u r -  

nace, forming a chimney w i t h i n  the  furnace c o l l a p s e s .  

w i t h i n  the  furnace,  the  a i r  moves d i r e c t l y  through t h e  furnace without 

maximum contac t  with t h e  furnace material. 

When a chimney forms 

During t h e  f i r s t  t e s t  a t  t h e  b l a s t  furnace (19 J u l y  1973), t h e  

s i n t e r  machine was not opera t ing .  

C l a s s i f y i n g  R o l l s  and Swivel Vibrator  was being ducted through the  b l a s t  

furnace baghouse. According t o  p l a n t  personnel ,  t h e s e  two opera t ions  may 

be expected t o  c o n t r i b u t e  a low g a s  volume, b u t  a r e l a t i v e l y  l a rge  amount 

of d u s t  t o  the b l a s t  furnace c o n t r o l  system. During t h e  second test ,  one 

baghouse compartment was closed down. 

Therefore,  v e n t i l a t i o n  a i r  from the  Ross 

During the  t h i r d  test a t  t h e  b l a s t  furnace  (23 J u l y  1973), t h e  

baghouse compartments were manually shaken s i x  times. 

t r o l  room c h a r t s  i n d i c a t e d  t h a t  t h e  bags which u s u a l l y  shake when the  pres-  

s u r e  has reached 3 i n .  of water, had shaken on the  average of 70 t imeslday 

(2.8 times per  hour) between 15 June and 15 Ju ly .  

Review of t h e  con- 

The maximum number of 



bag shakes was 111 times-day and 4 or 5 shakes an hour was not uncmon. 

From our arrival on 16 July through 22 July, the bags shook on the average 

of only 3 3 . 7  times per day (1.4 times per hour). During Runs No. 1 and 2 ,  

the bag shakes occurred very infrequently during the actual test time. 

?he infrequent shaking of the bags is assumed to be related to the frequent 

dynamiting of the furnace. When material adheres to the sides of the fur- 

nace, the air moving through the furnace has less contact with it and the 

emissions would seemingly be less. Because the highest visible emissions 

to the atmosphere have been observed to follow baghouse shakes, it was de- 

cided to manually shake the bags in order to compare the emissions with 

the first and second tests when the bags were shaken infrequently. The 

manual shaking of the bags was continued during the particle sizing test. 

4. Fugitive emissions: Fugitive emissions from several opera- 

tions associated with the blast furnace--dross kettles, ray tapper, slag 

granulator, lead tap, slag taps, and feed hopper drop points--are reduced 

by hooding and ventilation to the blast furnace control system. The lead 

tap, particularly at windy times when the lead tap was heavy, produced some 

fugitive emissions. At the slag tap, the hooding is not in direct contact 

with the receiving chamber, and did not appear to be adequate for complete 

collection of fumes. According to plant personnel, problems with the slag 

granulator fan contributed to the fuming at the slag tap. The ladles which 

receive the lead at the lead tap are partially covered to minimize fugitive 

emissions. Occasionally fuming occurs, especially when there is spillage 

duri* the transfer of lead bullion from the furnace to the dross kettles. 
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V. SAMPLING AND ANALYTICAL PROCEDURES 

This section of the report discusses the physical layout of the 

sampling locations and sampling points at each location. 

cedures used to collect particulate samples at the smelter are presented 

herein. The analytical procedures are also discussed. 

The sampling pro- 

A. Location of Sampling Ports and Points 

For the sinter plant the two sampling locations are shown in 

Figure 11. 

sintering, the sample ports were 25 ft, 8-1/3 pipe diameters, downstream 

from the elbow, and 10 ft, 3-1/3 pipe diameters, upstream from a distur- 

bance. There were two ports 90 degrees apart in the duct. Due to the 

In the 3-Et duct which vents the operations associated with 

physical layout one port was located at 30 degrees from the vertical axis 

and the other 30 degrees below the horizontal. 

The single port in the 7-ft duct was located 56 ft, 8 pipe diam- 

eters, downstream from the nearest flow obstruction, but only 7 ft, 1 pipe 

diameter, from the nearest upstream obstruction, a 45-degree elbow. This 

port was located at the center line of the duct. The port was at 90 degrees 

to the duct. The duct came from the fourth floor of the sinter plant to the 

roof of the single-story humidifying chamber at 45 degrees. 

The location of the sample points in each duct is shown in Table 

XIX. There were 16 points in Duct B and each point was sampled twice for 

a total of 32 sample points per test. There were six points in each port 

of Duct c .  
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Port - 
Duct I/B 

Duct U / C  

Duct L/C 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

- 

TABLE XIX 

SAMPLING POINTS D AND C LOCATIONS 
SINTER DUCTS 

Duct 
Diameter 

(in.) 

89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
89-9/16 
69-91 16 
89-9/16 
89-9/16 
09-91 16 

39-518 
39-518 
39-518 
39-518 
39-5/8 
39-518 

Same as  upper port 

% 

1.6 
4.9 
8.5 
12.5 
16.9 
22.0 
28.3 
37.5 
62.5 
71.7 
78.0 
83.1 
87.5 
91.5 
95.1 
98.4 

4.4 
14.. 7 
29.5 
70.5 
85.3 
95.6 

- 
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Location 
i n  Duct 

( in . )  

1-112 
4-318 
7-5/8 
11-1/4 
15-118 
17-718 
25-318 
32-3/4 
56-13/16 
64-3/16 
71-11/16 
74-7/16 
78-5/16 
81-15/16 
85-3/16 
88-1/16 

1-314 
5-7/8 
11-518 
28 
33-314 
37-718 

Outside Port 
to Inside Duct 

( i n . )  

3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 
3-114 

3-118 
3-1/8 
3-118 
3-118 
3-118 
3-118 

Use 
(In.) 

4-314 
7-518 
10-718 
14-11 2 
18-318 
21-118 
28-518 
36 
60-1116 
67-7/16 
74-15/16 
77-11/16 
81-9/16 
85-3/16 
86-71 16 
91-5/16 

4-718 
9 
14-314 
31-118 
36-718 
41 

- . . . . . . . 



The sample location in the 7-ft duct from the blast furnace is 

shown in Figure 12. 

tal, one on the north axis and the other on the south. 

ft, 8.57 pipe diameters, from the upstream 90-degree elbow and 15 ft, 2.14 

pipe diameters, from the downstream 90-degree elbow. "he sample point 

dimensions, six i n  each port, are in Table XX. 

The ports were located at 45 degrees with the horizon- 

The ports were 60 

Figure 13 shows the configuration of the blast furnace baghouse 

and stacks E, F and G. Figure 14 shows the location of the ports and sam- 

ple points in each of the three stacks. The ports were located 

4-1/2 pipe diameters, above the breeching or inlet to the stack 

6 in., 1-213 pipe diameters, from the outlet to the atmosphere. 

pling point calculations yielded a value of 32 sampling points, 

port. 

36 ft 6 in., 

and 11 ft 

The sam- 

eight per 

B. Sampling Procedures 

An RAC* Model 2343 Staksampler train was used to sample for par- 

ticulates. Glass-lined probes were used for all sampling. The procedures 

used are those in the Federal Register, 36, 159, 17 August 1971. There 

were two exceptions: (1) the exhaust duct from the sinter baghouse was 

sampled using the ASARCO's permanent continuous sampler called Askania; 

this sampler is supposedly an isokinetic sampler; and ( 2 )  as it was not 

possible to install and use two 90-degree ports in Duct B, one port was 

used and each of the 16 points was sampled twice. 

* Mention of a specific company does not constitute endorsement by EPA. 
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Ducts B and C were sampled simultaneously f o r  2 h r .  The p o i n t s  

i n  Duct C were sampled fo r  10 min w i t h  readings every 5 min, a t o t a l  of  

2 hr. 

64 min per t r a v e r s e  o r  2 h r  8 min t o t a l  sampling. When sampling was d i s -  

continued on Duct C t o  change po r t s ,  the  sampling on Duct B was continued 

f o r  4 min and then discont inued u n t i l  sampling was s t a r t e d  aga in  on Duct C.  

The 16 p o i n t s  i n  Duct B were sampled f o r  4 min wi th  a t o t a l  time of 

A t  t h e  b l a s t  furnace a l l  p a r t i c u l a t e  sampling was conducted 

simultaneously f o r  a minimum of 2 h r .  The 7 - f t  duct  (12 po in t s )  was 

sampled f o r  10 min on a poin t  ( t o t a l  of 2 h r )  wi th  readings taken every 

5 min. Sampling on t h e  exhaust s t a c k s  was 4 min per po in t ,  32 p o i n t s  f o r  

a t o t a l  of 2 h r  8 min. When t h e  crews on t h e  exhaust s t a c k s  stopped t o  

change p o r t s  t h e  crew on t h e  duct  a l s o  stopped u n t i l  a l l  four  crews were 

ready t o  go. 

The Andersen* p a r t i c l e  s i z e  sampling was conducted a t  Stack F 

P o r t  3 P o i n t  3 us ing  t h e  RAC* Staksampler equipment wi th  a 3 - f t  g l a s s  

l i n e d  probe and an Andersen* sampler. 

The Orsat  samples were taken by u s i n g  a s t a i n l e s s  s t e e l  probe 

which contained a g l a s s  wool f i l t e r .  The probe was i n s e r t e d  t o  P o i n t  3 

of each s t a c k  and samples were pumped d i r e c t l y  i n t o  t h e  Orsat  ana lyzer  f o r  

5 min t o  purge t h e  probe, l i n e  and Orsat .  

each t e s t ,  and each a n a l y s i s  l a s t e d  5 min. Ducts B,  C and D were sampled 

Three analyses  were made f o r  

* Mention of a company name o r  product does not  c o n s t i t u t e  endorsement by c EPA . 
II 
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and analyzed for each test. Stacks E, F and G were analyzed for Test 3 .  

On Tests 4 and 7 only G was analyzed. The results of the Orsat analyses 

for Test 3 showed that the three stacks had the same composition within 

the accuracy of the method. 

A Drager tube was used to obtain approximate analysis of the SO2 

in the gases from the sinter exhaust ducts and the blast furnace exhaust 

duct. A stainless steel probe with a glass wool filter was inserted into 

the stack to Point 3 and a sample withdrawn into the tube using an MSA" 

hand pump. This was done for each test. 

Lime is added to the particulate from the blast furnace in the 

Each day that par- duct between the water spray chamber and the baghouse. 

ticulate sampling was conducted around the pollution control system for 

the baghouse, a lime sample was taken for the purpose of determining the 

lime addition rate. The sample was taken from the vibratory feeder for a 

period of 1 min. The lime was weighed and the lime addition rate of 44.7 

lb/hr was determined from the weight of lime collected in 1 min. 

C. Analytical Procedures 

The particulate analysis was accomplished using the procedures 

in the Federal Register, 36 (159), 15,715-15,716, 17 August 1971. 

After the samples were analyzed for particulates, the solid res- 

idue was digested in 10 ml of boiling aqua regia for 1 hr with reflux. 

* Mention of a company name or product does not constitute endorsement by 
EPA. 
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'Ihe l i q u i d  was cooled, d i l u t e d  t o  50 m l  and analyzed f o r  lead on t h e  atomic 

absorp t ion  spectrophotometer.  

The Andersen p a r t i c l e  a n a l y s i s  on the p l a t e s  was done i n  the 

Then each p l a t e  was c a r e f u l l y  washed wi th  acetone i n t o  a sample f i e l d .  

conta iner .  

and returned t o  t h e  MRI l a b o r a t o r i e s  f o r  p a r t i c u l a t e  and lead a n a l y s i s .  

The acetone was evaporated from each of the  p a r t i c u l a t e  samples and then 

they were analyzed f o r  lead content  using t h e  procedure descr ibed above. 

The probe wash and f i l t e r  were t r e a t e d  a s  p a r t i c u l a t e  samples 

Orsat and SO2 (approximate) ana lyses  were conducted i n  the  f i e l d  

as descr ibed i n  Sec t ion  V-B. 

'Ihe l a r g e  f i l t e r  used t o  c o l l e c t  p a r t i c u l a t e  samples from t h e  

i n l e t  d u c t s  t o  t h e  s i n t e r  and b l a s t  furnace c o n t r o l  system had enough par-  

t i c u l a t e  t h a t  i t  was not necessary t o  d i g e s t  the  f i l t e r s  f o r  lead a n a l y s i s .  

A weighed sample of the p a r t i c u l a t e  from t h e  l a r g e  f i l ters  was d iges ted  

f o r  lead a n a l y s i s .  The small  f i l t e r s  used i n  t h e  baghouse exhaust s t a c k s  

were d iges ted  along with t h e  p a r t i c u l a t e  f o r  lead  a n a l y s i s .  

A l l  p a r t i c u l a t e  and lead  blanks have been subt rac ted  from t h e  

va lues  before  they were reported.  
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